DESCRIPTION

TITLE OF THE INVENTION

OZONE-GENERATING SYSTEM AND OZONE GENERATION METHOD

TECHNICAL FIELD
[0001] The present invention relates to an ozone
generating system and an ozone generation method for

generating ozone using an electric discharge.

BACKGROUND ART

[0002] Inozone generating systems that use as a source
material, air or a nitrogen-added oxygen gas, to thereby
generate ozone (03) using an electric discharge, it 1is
generally known that a nitrogen oxide (NOy) is produced
as a byproduct in association with the generation of ozone.
Further, Dbecause of being under ozone coexistence
condition, the byproduct nitrogen oxide mostly exists in

a form of dinitrogen pentoxide (N,0s). N;05 has a physical

under 30°C, so that there is a possibility that, under a
normal operating condition, it adheres to almost all areas
inside an ozone generating device as a discharge product.
[0003] Meanwhile, with respect to typical ozone

generating systems, a periodic inspection per 3 to 5 years



is recommended by the makers thereof. At that inspection,
the system is suspended and further the ozone generating
device is made open to atmosphere, so that a maintenance
work to take out and clean up its electrode is performed.
When the ozone generating device in a state with solid N,Os
adhering thereto, is made open to atmosphere, there arises
concern that its metal member is corroded by nitric acid
(HNO3) produced from a reaction of N,Os with water in the
atmosphere. This causes adherent materials to accumulate
in the ozone generating device, which results in reduction
of the ozone generation efficiency or results in choke-off
in a pipe that provides an ozone generation space, so that
it is difficult to maintain a stable operating state.

[0004] Thus, there are proposed: a method of handling
an ozone generating device in which the tank of the ozone
generating device, after it is kept heated using a
water-heating device, 1is made open to atmosphere, to
thereby remove N;0s5 adhered inside the ozone generating

device through vaporization (see, for example, Patent

Document 1); and an ozone generator which includes means
for purging inside the ozone generation device using an
inert gas or a cleaning liquid (see, for example, Patent

Document 2).
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[0005]

Patent Document 1: Japanese Patent Application Laid-open
No.2002-265204 (Paragraphs 0025 to 0035, Fig.1l to Fig.3)
Patent Document 2: Japanese Patent Application Laid-open
N0.2001-180816 (Paragraphs 0034, 0050 to 0051, Fig.l to

Fig.3)

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] According to the method in which the ozone
generating device is kept heated, however, too many energy
are required and the operation of the ozone generating
device has to be suspended. Meanwhile, in the case of
purging, ozone generation has to be interrupted, so that
at every interruption, an instrument that is executing
treatment using the produced ozone has to be suspended.
[0007] This invention has been made to solve the

problems as described above, and an object thereof is to

achieve a highly-reliébie ozonemgenefating sygfgm which
canmaintain a stable operating state without interrupting

generation of ozone.

MEANS FOR SOLVING THE PROBLEMS

[0008] An ozone generating system according to the



invention 1is characterized Dby comprising: an ozone
generating device including discharge electrodes that are
arranged opposite to each other to thereby forma discharge
space; a gas supplying device that supplies an
oxygen-containing gas as a source gas for generating ozone
to the discharge space; a power source device that supplies
power for discharging to the discharge electrodes; a
temperature adjustment device that adjusts a temperature
of the discharge electrodes; a control unit that controls
the gas supplying device, the power source device and the
temperature adjustment device, to thereby control an
operation of the ozone generating device; and a detection
unit that detects an ozone generation parameter in the
ozone generating device;

wherein, the control unit causes the temperature of
the discharge electrodes to increase up to a vaporizing
temperature of dinitrogen pentoxide by controlling the
temperature adjustment device and the gas supplying device

or the temperature adjustment device and the power source

device in their cooperative manner, on the basis of the

ozone generation parameter output from the detection unit,
to thereby control the operation of the ozone generating
device to be switched from a normal operation mode to a
cleaning operation mode in which surfaces of the discharge

electrodes and the discharge space are cleaned up in a state



of continuing generation of ozone in the discharge space.
[0009] Further, an ozone generation method according
to the invention is an ozone generation method in which
an oxygen-containing gas 1is supplied to an ozone
generating device including discharge electrodes that are
arranged opposite to each other to form a discharge space,
to thereby generate ozone using an electric discharge in
the discharge space, said method characterized in that:
an ozone dgeneration parameter in the ozone generating
device is detected, and then, by control of a temperature
of cooling water for cooling the discharge electrodes and
a pressure of the gas, or the temperature of the cooling
water for cooling the discharge electrodes and an applied
power to the discharge electrodes in their cooperative
manner, and based on the value of the ozone generation
parameter, a temperature of the discharge electrodes is
increased up to a vaporizing temperature of dinitrogen
pentoxide, to thereby clean up surfaces of the discharge

electrodes and the discharge space in a state of continuing

generation of ozone in the discharge space.

EFFECT OF THE INVENTION
(0010] According to the ozone generating system and
the ozone generation method of the invention, when an

abnormality is detected during generation of ozone, the



temperature of the electrodes is increased so that a
saturated vapor pressure of dinitrogen pentoxide becomes
higher than the gas pressure. Thus, dinitrogen pentoxide
is vaporized, and therefore, it is possible to achieve a
highly-reliable ozone generating system or to generate
ozone, while maintaining a stable operating state without

interrupting generation of ozone.

BRIEF DESCRIPTION OF THE DRAWINGS
(0011] Fig.l1 1s a systematic diagram showing a
configuration of an ozone generating system according to
Embodiment 1 of the invention.

Fig.2A and 2B are cross-sectional views each showing
a structure of a discharge electrode unit provided in an
ozone generating device that is a component of the ozone
generating system according to Embodiment 1 of the
invention.

Fig.3 1is a flowchart for illustrating a method of

operating the ozone generating system according to

Embodiment 1 of the invention.

Fig.4 1is a diagram for illustrating a range of
operational condition in the ozone generating system
according to Embodiment 1 of the invention.

Fig.5 is a diagram showing a relationship between a

temperature of N;0s and its saturated vapor pressure.



Fig.6 is asystematic diagram showing a configuration
of an ozone generating system according to Embodiment 2
of the invention.

Fig.7 is a systematic diagram showing a configuration
of an ozone generating system according to Embodiment 3
of the invention.

Fig.8 is a systematic diagram showing a configuration
of an ozone generating system according to Embodiment 4
of the invention.

Fig.9 is a systematic diagram showing a configuration
of an ozone generating system according to Embodiment 5
of the invention.

Fig.10 is a systematic diagram showing a
configuration of an ozone generating system according to
Embodiment 6 of the invention.

Fig.1l1 is a systematic diagram showing a
configuration of an ozone generating system according to
Embodiment 7 of the invention.

Fig.12 is a systematic diagram showing a

Embodiment 8 of the invention.
Fig.13 is a flowchart for illustrating a method of
operating the ozone generating system according to

Embodiment 8 of the invention.



MODES FOR CARRYING OUT THE INVENTION
[0012] Embodiment 1

Fig.1l through Fig.6 are given for illustrating an
ozone generating system according to Embodiment 1 of the
invention and amethod of operating the same, inwhich Fig.1
is a systematic diagram showing an instrumental
configuration, a control system, a flow system and the like,
of the ozone generating system. Fig.2A and Fig.2B are
given for illustrating a configuration of a discharge
electrode unit of the ozone generating system, in which
Fig.2A is across-sectional view showing a cross—-sectional
plane parallel to a gas flow direction in the discharge
electrode unit, and Fig.2B 1is a cross-sectional view
showing a sectional plane perpendicular to the gas flow
direction taken along A-A line in Fig.2A. Further, Fig.3
is a flowchart for illustrating a method of operating the
ozone generating system, and Fig.4 is a diagram showing
a range of operational condition in the ozone generating

system, said range being represented by a relationship

between a temperature of cooling water supplied to the
ozone generating device and a temperature of an electrode
tube in the discharge electrode unit. Besides, Fig.5 is
a diagram showing a relationship between a temperature of
N;,Os as a removal target in the discharge electrode unit,

and its saturated vapor pressure.



[0013] The configuration of the ozone generating
system according to Embodiment 1 of the invention will be
described.

As shown 1in Fig.l, the ozone generating system
includes: a gas supplying device 1 for pressurizing and
supplying air as a source gas; an ozone generating device
3 that generates ozone from the pressurized air supplied
from the gas supplying device 1 to thereby output an
ozonized gas; an ozone removal treatment unit 5 that
removes ozone from a surplus ozonized gas discharged from
an ozone utilization facility 200 that executes ozonation
using the output ozonized gas, or from the ozonized gas
transported thereto without passing through the ozone
utilization facility 200; a cooling system (temperature
adjustment device 7) that serves as a temperature
controller for adjusting a temperature of the ozone
generating device 3, and adjusts the temperature by
cooling; and a control unit 4 that performs operational

control of the generating system. Here, the ozone

generating device 3 used is referred to as an air-source
ozone generating device.

[0014] Besides, in a gas flow system indicated by
extra-thick lines in the figure, there are provided: a
dew—-point measuring unit 2 that measures a dew point of

the gas supplied from the gas supplying device 1 to the
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ozone generating device 3; a differential-pressure
measuring unit 6 that measures a differential pressure
produced by the ozone generating device 3; and valves 14
and 15 that switch whether the ozonized gas outputted by
the ozone generating device 3 is to be transported to the
ozone utilization facility 200 or to be transported to the
ozone removal treatment unit 5, or that adjust a ratio the
ozonized gas to be transported to both of these.

[0015] The gas supplying device 1 represents gas
cylinder equipment, a compressor, a blower and the like,
to which a water removal unit configured with a source-gas
cooling/drying device may be provided if necessary. As
the water removal unit, that of a heating regeneration type
or pressure regeneration type is used. With respect to
the source gas, the pressurized air is supplied as an
oxygen-containing gas. The ozone utilization facility
200 represents a water treatment facility, a waste-water
treatment facility, any of a wvariety of oxidation

treatment facilities, a semiconductor/liquid crystal

manufacturing facility or the like. For example, in the
case of application to a water treatment facility or the
like, that is, when an amount of ozone to be generated is
several kg/h to several tens kg/h, the gas supplying device
1 is preferable to employ a blower and the water removal

unit is suitable to employ that of a heating regeneration
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type, 1in consideration of cost performance.

[0016] In the cooling system (temperature adjustment
device 7), there are provided: a circulation pump ¢ for
circulating the cooling water for cooling the ozone
generating device 3; a cooler 8 for cooling the cooling
water increased in temperature due to absorption of heat
generated in the ozone generating device 3; flow-rate
adjustment valves 11 and 12 for adjusting a flow rate of
the cooling water in the cooling system (temperature
adjustment device 7); and a temperature adjuster 13 for
adjusting degrees of lifts of the flow-rate adjustment
valves 11 and 12 to thereby adjust a temperature of the
water to be supplied to the ozone generating device 3.
[0017] Further, the ozone generating device 3, the
circulation pump 9, the cooler 8 and the flow-rate
adjustment valve 11 are connected by pipings indicated by
thick lines in the figure in a looped form, to thereby
constitute a main cooling line that circulates through

between the ozone generating device 3, the circulation

pump 9 and the cooler 8. On the other hand, a bypass piping
10 is connected, through the flow-rate adjustment valve
12, to a middle of the piping between the circulation pump
9 and the cooler 8 and to a middle of the piping between
the cooler 8 and the flow-rate adjustment wvalve 11, to

thereby constitute a bypass line that circulates through
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between the ozone generating device 3 and the circulation
pump 9. Accordingly, by adjusting the degrees of 1lifts
of the flow-rate adjustment valves 11 and 12 using the
temperature adjuster 13, the temperature of the water to
be supplied to the ozone generating device 3 is adjusted
to thereby control the temperature of the ozone generating
device 3.

[0018] The cooler 8 represents any of a variety of heat
exchanger coolers of a liquid-to-liquid or liquid-to-gas
type, achiller of a liquid-fluorocarbon refrigerant type,
or the like. Here, the cooling water represents usual tap
water; however, there may be cases where an antifreeze
liquid or a scale removing agent is mixed therein, or
ion-exchanged water or purified water is used instead.
[0019] Meanwhile, in the figure, portions indicated
by "o" at destinations of thin lines connected from the
dew-point measuring unit 2, the differential-pressure
measuring unit 6 and the temperature adjuster 13,

represent placement positions of a dew point sensor and

a pressure sensor in the gas flow system, a temperature

sensor in the cooling line, respectively, and their
respective sampling ports. Further, dotted 1lines
represent data signal lines from the dew-point measuring
unit 2 and the differential-pressure measuring unit 6 to

the control unit 4, and broken lines represent control
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signal lines from the control unit 4 and the temperature
adjuster 13.

[0020] In such an ozone generating system, the source
gas supplied from the gas supplying device 1 is introduced
into the ozone generating device 3 through the dew-point
measuring unit 2, and the ozonized gas produced by the ozone
generating device 3 is supplied to the ozone utilization
facility 200 through the valve 14 or to the ozone removal
treatment unit 5 through the wvalve 15. Further, the
surplus ozonized gas after passing through the ozone
utilization facility 200 is also supplied to the ozone
removal treatment unit 5. On this occasion, a dew point
of the source gas supplied to the ozone generating device
3 and a pressure loss produced by the ozone generating
device 3 are measured by the dew-point measuring unit 2
and the differential-pressure measuring unit 6,
respectively, and they are being monitored by the control
unit 4. Although heat is generated in the ozone generating

device 3, 1ts temperature 1is controlled because of

circulation of the cooling water with a predetermined

temperature by the cooling system (temperature adjustment
device 7).

(0021} Next, the configuration of the ozone generating
device 3 will be described.

The ozone generating device 3 is an ozone generating
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device of a silent discharge type having a dielectric
member interposed between electrodes. As to the shape of
electrode, although various forms may be applied, such as
of a parallel plate type, a cylindrical tube type, etc.,
here, description will be made citing as an example, a
cylindrical tube type discharge electrode unit 30 as shown

in Fig.2A and Fig.2B. The discharge electrode unit 30 is

provided with a high-voltage electrode tube 304 as a
high-voltage electrode, that 1is configured with a
high-voltage electrode 303 that forms a cylindrical shape
and a dielectric member 302 comprising a glass tube that
is unified with the high-voltage electrode 303 so as to
cover the outer circumference surface of the high voltage
electrode 303 and one end side thereof. Further, as an
electrode connected to the ground, a grounding
electrode(tube) 301 is provided that is arranged coaxially
with the high-voltage electrode tube 304 so that the inner
circumference surface of the grounding electrode 1is

opposite to the outer circumference surface of the high

therebetween (= a space length (gap length) "d" to be
described later), and cooling water 306 flows at the outer
circumference side of the grounding electrode.

[0022] The space between the outer circumference

surface of the dielectric member 302 and the inner

voltage electrode tube 304 with a predetermined interval
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circumference surface of the grounding electrode(tube)

301 is given as a discharge space 305. The discharge space

305 is a gas flow passage for flowing the source gas in
a direction indicated by an arrow in the figure, and also
a space for causing a discharge by an AC high voltage
applied between the grounding electrode (tube) 301 and the

high-voltage electrode tube 304. Further, in the high-

voltage electrode 303, a power feeding member 307 for
applying a high voltage is inserted from the other end side

being opened, and at an end portion on the one end side
covered with the dielectric member 302, an electric field
mitigation layer 308 for suppressing a creeping discharge

is provided. Note that, in Fig.2B, the illustration of
the power feeding member 307 is omitted.

[0023] In the ozone generating device 3, according to

the required ozone generation amount, many number of the

discharge electrode units 30 as described above are

connected in parallel and stored in a single tank. Further,

there are provided an unshown power source device for

applying an AC high voltage and so on, so that a given AC
voltage is applied to the respective discharge electrode
units 30 by use of the power source device being activated
under the control of the control unit 4. Thus, the souzrce
gas is supplied to the discharge space 305 of each of the

discharge electrode units 30 while an AC high voltage is
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applied through each power feeding member 307, so that
ozone 1is generated.

[0024] Next, description will be made for a
configuration and an operational condition of the ozone
generating device 3, that are well-suited when air or a
nitrogen-rich oxygen mixed gas is used as the source gas,
and that are common for the ozone generating systems
according to Embodiment 1 and the subseguent embodiments.
[0025] In the configuration of the discharge electrode
unit 30 of the ozone generating device 3 according to each
of the embodiments, the space length d (hereinafter,
referred to as a gap length d) of the discharge space 305
is set to 0.3 mm or more but 0.6 mm or less, preferably
to 0.4 mm or more but 0.6 mm or less. By setting the gap
length d to 0.6 mm or less, the cooling efficiency of the
discharge space 305 is enhanced so that it is confirmed
that the ozone generation efficiency is enhanced, whereas
by setting the gap length d to less than 0.3 mm, an intensity
of the electric field in the discharge space 305 becomes
too high, so that the production amount of nitrogen oxide
is increased to thereby reduce the ozone generation
efficiency. Further, if the gap length d is set to exceed
0.6 mm, the temperature of the discharge space 305 rises
excessively to thereby reduce the ozone generation

efficiency. Accordingly, when air or a nitrogen-xrich
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oxygen mixed gas 1is used as the source gas, there are
optimum values for the gap length d, so that it is set to
0.3 mm or more but 0.6 mm or less.

[0026] Furthermore, the ozone generation efficiency
changes depending not only on the gap length d but also
on a gas pressure P in the discharge space 305. 1In the
operational condition of the ozone generating system
according to each of the embodiments, the gas pressure P
is set to 0.2 MPaG (G: gauge pressure) or less, preferably
to 0.1 MPaG or more but less than 0.2 MPaG. An increase
in the gas pressure P suppresses production of nitrogen
oxide in the discharge space 305. Further, the upper and
lower limits of the gas pressure P are determined also by
a discharge pressure of the gas supplying device 1, for
example, by a maximum discharge pressure of about 0.2 MPaG
in the case of the blower, and by an ozonized gas pressure
required for the ozone utilization facility 200 (forx
example, about 0.1 MPaG in the case of a water treatment

apparatus) . Further note that, by setting the gas

pressure P to less than 0.2 MPaG, the ozone generating
device 3 becomes not to meet "a Code for Second Class
Pressure Vessels", so that the legal restriction 1is
reduced thereby making it easier to handle the device.
[0027] Namely, in each of the embodiments, the gap

length d is set to 0.3 mm or more but 0.6 mm or less,
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preferably to 0.4 mm or more but 0.6 mm or less, and the
gas pressure P is set to 0.1 MPaG or more but less than
0.2 MPaG as a pressure that can achieve a higher ozone
generation efficiency and can further reduce the
production amount of nitrogen oxide.

[0028] Meanwhile, a density of applied power to be
applied to the ozone generating device 3 (applied power
per unit area of electrode) is from 0.05 to 0.6 W/cm?,
preferably from 0.1 W/cm? to 0.3 W/cm?. The applied power
density is also an indicator for representing the size of
the ozone generating device 3, so that the device becomes
smaller as the applied power density becomes higher. ©On
the other side, an increase in the applied power density
causes temperature rise in the discharge space 305, so that
the ozone generation efficiency 1is reduced. From the
viewpoints of generation of ozone by electric discharge
and suppression of nitrogen oxide production, the
temperature of the discharge space 305 is preferably to

be low, and thus it is required not to make the applied

power density too high. However, when the applied power
density becomes less than 0.05 W/cm?, variation occurs in
discharging condition. This makes it unable to maintain
a stable discharge and thus is not preferable.

[0029] Next, description will be made for a phenomenon

that occurs in the ozone generating device 3 with the above
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configuration and operational condition, and for problemns
with the conventional ozone generating systems.

The dew point of the source gas served to the ozone
generating device 3 is generally set tominus 60 °C or lower
(dew point at the atmospheric pressure). As a matter of
course, if the dew point becomes higher, the amount of water
associated with the source gas and flowing into the ozone
generating device 3 is increased, thereby affecting the
ozone deneration efficiency and causing production of
nitric acid in the ozone generating device 3. Thus, it
has been not recommended to operate at a dew point higher
than the above dew point.

[0030] However, converting the water amount in the
source gas with a dew point of minus 60°C to a volume
concentration in the source gas results in approx. 10 ppmv,
and thus, even with a dew point of minus 70°C, several ppmv
of water is assumed to be associated therein. So long as
the dew point is kept to be minus 60°C or lower, an effect

on the ozone generation efficiency is small; however, the

inventors of this invention have found that, even if the
dew point is lowered up to about minus 60°C to minus 80°C,
there is a tendency that accumulation of a product and
production of nitric acid in the ozone generating device
3 are enhanced due to a small amount of water, as a result

of continuous operation for a long period.
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[0031] For example, in a normal operational condition
of the ozone generating device 3 with the above
configuration, the temperature of the discharge space 305
becomes about 40°C in summer when the temperature of the
cooling water becomes higher, and becomes about 18°C in
winter when the temperature of the cooling water becomes
lower. In consideration of the aforementioned range of
the gas pressure P and the saturated vapor pressure of Ny0s
described later, the temperature of the ozone generating
device 3 even in summer is thought to be a temperature at
which N;05, a discharge product, is in a state of solid.
Further, other than in midsummer, the temperature of the
ozone generating device 3 even falls below a sublimation
point of N,0s (32.4°C) under atmospheric pressure, so that
hygroscopic N;0s in a state of sold reacts with the small
amount of water to produce nitric acid. Further, because
of production of nitric acid, a ferric nitrate, Fe(NO3)s,
that is in a state of hygroscopic solid, is also produced

to become accumulated in the ozone generating device 3.

However, in the conventional ozone generating systems,
what is prerequisite therefor is a periodic maintenance,
such as, a cleaning-up of the grounding electrode (tube)
301 and the high-voltage electrode tube 304 to be executed
by making the ozone generating device 3 open to atmosphere,

and thus, it has been thought that any major problem would
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not practically arise with respect to the above range of
dew point.

[0032] Further, when the dew point becomes minus 40°C
or higher, the water concentration exceeds 10 ppmv and,
at minus 20°C, the water of exceeding 1000 ppmv 1is
associated with the source gas. On this occasion, an
abrupt reduction emerges in the ozone (generation
efficiency, and the conversion of N,0s existing as a solid
to nitric acid, the accumulation/adherence of Fe(NO3)3 in
the device, and the extensive corrosion of metal members
by nitric acid, are unavoidable. On the other hand, in
order to achieve a water concentration of 0.1 ppmv or less
that is assumed to be less effective on the production of
nitric acid in the ozone generating device, it is required
to set the dew point of the source gas to approx. minus
90°C or lower, so that a gas supplying device and a water
removal device that achieve this requirement are
technically difficult to be realized or extremely

expensive, and thus are unrealistic devices.

[0033]
recommended by the makers to perform the work for cleaning
up the electrode unit, or the like through the periodic
maintenance. Namely, it 1is required as a minimum
requirement to keep the dew point of the gas in a range

from minus 80°C to minus 60°C; however, it has been found

Thus, also from the above viewpoint, it has been
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that, even in this range of dew point that has been
generally thought not to cause any problem, at the time
of operation for a long period, sufficient care has to be
taken for the production/accumulation of the discharge
product and nitric acid.

[0034] Meanwhile, in the aforementioned ozone
generating device 3 in which the gap length d is adjusted
to 0.6 mm or less, the differential pressure, namely, the
gas pressure loss, is several kPa to several tens kPa, and
it becomes higher as the gap length d becomes shorter.
Further, when the discharge product adhered to the portion
of the electrode unit facing to the discharge space 305,
the pressure loss increases, so that an adhering/
accumulating state of the substance produced in the
discharge space can be recognized by way of the pressure
loss. As described previously, the adherence of the
discharge product depends on the water amount associated
with the source gas and the temperature of the discharge

space 305. Since an increasing phenomenon in the

differential pressure of the ozone generating device 3 can
be confirmed from a timing where the water is introduced
into the ozone generating device 3 and the product begins
to adhere, 1t is possible to prevent beforehand the
adherence of the discharge product through monitoring the

gas dew point, and to confirm the adherence of the discharge
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product before becoming significant through monitoring
the differential pressure. Thus, although it is best to
monitor both of the gas dew point and the differential
pressure, only by monitoring the differential pressure,
it becomes possible to early find the adherence/
accumulation of the discharge product. According to the
conventional ozone generating devices whose gap length d
exceeds 0.6.mm, since the differential pressure itself is
small, it is unable to sensitively detect the adherence
of the discharge product. Thus, at the stage it could be
detected, the adherence of the discharge product has
already become significant, so that as aforementioned, it
is not possible to prevent beforehand the adherence.

[0035] Note that, as to the ozone generating device
3, there are two types of gas-pressure control methods
including a case where a gas pressure of the device's
inlet-side is adjusted to be constant, and a case where
a pressure of the device's outlet-side is adjusted to be

constant. When the pressure loss of the device 1is

increased in the former case, the gas pressure of the
device's outlet side becomes lower, and in the latter case,
the gas pressure of the device's inlet side becomes higher.
In this embodiment, it is of course most preferable to
manage the differential pressure of the device; however,

depending on the pressure control method of the ozone
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generating device 3, it is allowable, as a substitute
method of monitoring the differential pressure, tomonitor
either one of the pressures at the device's inlet and outlet
sides and to manage its variation relative to a
predetermined value each.

[0036] As described above, in the ozone generating
system according to this embodiment, the gap length is set
to be short i.e. 0.6 mm or less, and the operational
condition of the ozone generating device 3 using air as
a source gas 1is optimized. However, as a result of
experiments by the inventors of this invention, it is found
that there is a possibility of occurrence of an event that
has been not taken into consideration in the conventional
ozone generating devices. What is the possibility is that,
by setting the gap length to 0.6 mm or less, the discharge
space 305 of the ozone generating device 3 is choked off
during operation, although depending on the dew point of
the source gas from the gas supplying device 1.

[0037] In the ozone generating device 3, during its

initial operation, a metal oxide resulting from a
stainless steel that is a component of the grounding
electrode (tube) 301, adheres to surfaces of the grounding
electrode (tube) 301 and the high-voltage electrode tube

304, so that the differential pressure of the ozone

generating device 3 is somewhat increased; however, this
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increase in the differential pressure will be stabilized
after the operation for several tens of hours. As to the
ozone generating device 3 with the short gap length d
according to this embodiment, however, even when the gas
dew point is minus 60°C or lower, the differential pressure
tends to be increased more due to the accumulation of N,Oj
and Fe (NO3}3 in the ozone generating device 3 at the time
of operation for a long period.

[0038] For example, in & «condition where the
temperature of the discharge space 305 is lower than the
sublimation point of N,Os5, when the dew point of the source
gas is minus 50°C or higher, the adherence of the discharge
product to the grounding electrode (tube) 301 and the high-
voltage electrode tube 304, becomes significant, and when
the dew point of the gas is minus 40°C or higher, it has
been confirmed that liquid is precipitated from around the
ozonized gas outlet. 1In addition, when the dew point of
the gas becomes minus 20°C or higher, it has been confirmed
that a liquid that is very much like concentrated nitric
acid is accumulated at around the ozonized gas outlet. At
the time the above liquid is precipitated, an abrupt
increase in the differential pressure of about 10 kPa
relative to the initial differential pressure has been

also confirmed. With the adherence of the discharge

product becoming significant, the grounding electrode
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(tube) 301 and the high-voltage electrode tube 304 adhered
to each other, thus falling in a state unable to be taken
out. That 1is, in that state, the open-to-atmosphere
maintenance 1itself 1is unable to be executed, and in
addition, the state of the discharge electrode unit 30 is
further degraded due to the water in the atmosphere.
Accordingly, the inventors has come to a conclusion that
a maintenance is required for the discharge electrode unit
30 without making the ozone generating device 3 open to
atmosphere.

[0039] In the ozone generating device 3 according to
this embodiment, since the gap length d is set to 0.6 mm
or less, the amount of nitrogen oxide produced tends to
be increased in comparison to the conventional ozone
generating devices with a gap length d of exceeding 0.6
mm. In addition, since the interval (gap length d) of the
discharge space 305 as the flow passage becomes narrow,
there is an increase in likelihood that the discharge space
305 of the ozone generating device 3 is choked off during

operation.  However and on the other side, the
differential pressure of the ozone generating device 3
becomes larger than in the conventional cases, so that it
becomes possible to sensitively detect the accumulation/

adherence of the discharge product produced in the

discharge space 305, from the outside of the ozone
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generating device 3. 1In the conventional ozone generating
devices, since the differential pressure of each ozone
generating device is small, it is unable to detect the state
of the discharge space from the outside of the ozone
generating device.

[0040] Thus, in spite of taking a risk of nitric acid
production, the open-to-atmosphere maintenance was
essential, and the discharge electrode unit had to be
confirmed actually by eyes. Or, at the time of making the
device open to atmosphere, the damage according to the
accumulation/adherence state of the discharge product in
the discharge space had become significant. In that
regard, in the ozone generating device 3 according to this
embodiment, by the use of the fact that the differential
pressure of the ozone generating device 3 becomes larger
than in the conventional cases, the state of the discharge
space 305 and the discharge electrode unit 30 can be
confirmed from the outside, so that it becomes possible
to detect beforehand the accumulation/adherence of the
discharge product.
maintenance that has heretofore been practiced becomes
unnecessary.

[0041] Therefore, the ozone generating system

according to this embodiment is configured to execute

operational control as described below.

Thus, the open—to—atmoépﬂégém
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In the ozone generating system, there are set two
operation modes of (1) a normal operation mode and (2) a
maintenance mode. Further, the control unit 4 1is
configured to detect an increase in the differential
pressure or an increase in the gas dew point, that is a
sign of abnormality in the discharge electrode unit 30,
on the basis of the signal from the dew-point measuring
unit 2 or the differential-pressure measuring unit 6, to
thereby cause a switching between these operation modes
in a state where the discharge in the ozone generating
device 3 for generating ozone is continued without change.
It is noted that the "abnormality" shown here represents
a sign or an initial stage of the accumulation/adherence
of the discharge product, and does not represent an
electrical abnormality in a discharge, insulation or the
like.

[0042] As shown in Fig.3, when the operation of the
ozone generating system is started, an operation in the

normal operation mode is initiated for generating ozone

according to an amount of ozone required for the ozone

utilization facility 200 (Step S10). This normal
operation mode is continued according to a request by the
ozone utilization facility 200 so long as the sign of
abnormality as described above is undetected (Step S20,

N . Meanwhile, the control unit 4 initiates an
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operation in the later-described maintenance mode (Step
S30), when it determines that there is an accumulation of
the discharge product in the discharge electrode unit 30
or a sign thereof (Step S$20, "Detect Abnormality = Y"),
on the basis of the signal from the differential-pressure
measuring unit 6 and in the case where the differential
pressure exceeded a predetermined value or its rising
speed exceeded a predetermined value. Alternatively, the
control unit initiates an operation in the maintenance
mode (Step S30), when it determines that there is an
accumulation of the discharge product in the discharge
electrode unit 30 or a sign thereof (Step S20, "Detect
Abnormality = Y"), on the basis of the signal from the
dew-point measuring unit 2 and in the case where the dew
point was increased to a predetermined value or more.

[0043] In the maintenance mode, also on the basis of
the differential pressure or the dew point, it 1is
determined whether the abnormality is eliminated or not
(Step S40), and unless otherwise eliminated (Step 5S40,

Note that in the general

"N"), this mode is continued.
practice of the ozone generating system, namely, in the
standard operation mode in this embodiment, the operation
does not always proceed with a constant ozone generation
amount, a constant applied power density and a constant

cooling water temperature, and the practical condition
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changes depending on a condition of the ozone utilization
facility 200-side, &a wvariation of the cooling water
temperature associated with a seasonal change, and the
like.

[0044] Next, details of the operational condition
including that in the normal operation mode and a
phenomenon associated with the condition, will be
described.

The adherence of the discharge product to be
discussed in this embodiment, can be controlled by an
average temperature in the discharge space 305 and a
surface temperature of the electrode tube in contact with
the discharge space 305 (the inner circumferential surface
of the grounding electrode 301 and the outer
circumferential surface of the high-voltage electrode
tube 304). To say in detail, the surface temperature of
the high-voltage electrode tube facing to the discharge
space 305 always becomes higher by several °C to 10°C than

the average temperature of the discharge space 305, and

their respective temperatures in a steady state are

determined unambiguously from the temperature of the
cooling water caused to flow through a flow passage formed
in the discharge electrode unit 30, the applied power
density and the gap length d. The operation modes of this

embodiment will be discussed using the surface temperature
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of the high-voltage electrode tube (hereinafter, referred
to as an electrode tube temperature) as an example.

[06045] Fig.4 shows a relationship between the
temperature of the cooling water supplied to the ozone
generating device 3 and the electrode tube temperature.
In the figure, an area A surrounded by broken line stands
for a variation range of the electrode tube temperature
when the gap length d, the applied power density to the
ozone generating device 3 and the temperature of the
supplied cooling water are given as operation parameters.
The range of the gap length d is set from 0.3 to 0.6 mm,
the range of the applied power density is set from 0.05
to 0.6 W/cm?, and the range of the cooling water temperature
is set from 5°C (for winter) to 35°C (for summer). When
the gap length d, the applied power density, and the cooling
water temperature are set to their respective maximum
values (d = 0.6 mm, 0.6 W/cm?, 35°C), the electrode tube
temperature becomes highest (100°C). In contrast, when

the gap length d, the applied power density, and the cooling

water temperature are set to their respective minimum
values (d = 0.3 mm, 0.05 W/cm?, 5°C), the electrode tube
temperature becomes lowest (7°C).

[0046] However, since an operation—-allowable

temperature is set for the glass tube as the dielectric

member 302, the upper limit of the electrode tube
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temperature becomes 80°C. This is Dbecause of
consideration of reduction in dielectric breakdown
strength of the glass tube by its temperature rise, and
based on the fact that when the temperature of the glass
tube exceeds 80°C, the dielectric breakdown strength
begins to be reduced, thereby increasing a probability of
dielectric breakdown. Thus, within the area A, an area
B surrounded by solid line becomes a temperature range that
allowsancpegathmuastheozonegeneratingdevice3. Note
that, in the figure, although the solid line and the broken
line, for example, are illustrated as displaced to each
other, this is just for convenience sake of making the solid
line and the broken line easy to differentiate, and
actually, they are overlapped.

[0047] In the normal operation mode and the
maintenance mode disclosed in this embodiment, the
electrode tube temperature, which varies depending on the
cooling water temperature, the applied power density and
the gap length d (this is fixed for every device), has to
be controlled to fall in a range of the area B (not more
than the upper limit temperature due to the dielectric
member 302), so that this condition is installed in the
control unit 4. 1In the case of exceeding the temperature
condition, since a failure possibly occurs in the ozone

generating device 3, the discharge is suspended.



33

[0048] Next, the respective operation modes will be
described.

<Normal Operation Mode>

The normal operation mode is applied to the case of
directly supplying the generated ozonized gas to the ozone
utilization facility 200, and does not represent such a
state judged to indicate a sign of abnormality by the signal
output from the dew-point measuring unit 2 or the
differential-pressure measuring unit 6, but represents a
state where an operation is normally proceeding. For
example, when the gas dew point is kept to minus 60°C or
lower, and the differential pressure falls in less than
approx. 1.5 times the initial differential pressure with
no abrupt change, the control unit 4 determines that there
is no sign of abnormality (Step S20, "N"}, to thereby
continue the normal operation mode. On this occasion, in
order to control the applied power density and the cooling
water temperature so that the temperature condition of the
electrode tube temperature falls within the range of the
area B in Fig.4, commands are sent to an unshown power
source for activating the ozone generating device 3 and
the temperature adjuster 13 of the <cooling system
(temperature adjustment device 7).

[0049] That 1is, in a situation where no sign of

abnormality is determined, even if there are N,0s produced
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with ozone, nitric acid produced by the reaction of water
in the source gas and N,;0Os, and Fe(NO3)3 produced by the
reaction of nitric acid and the metal member, the existing
amount of them is in a level not problematic at all for
the operation of the ozone generating device 3. 1In this
state, in the cooling system (temperature adjustment
device 7), the flow-rate adjustment valve 11 is placed in
the open state, and the flow-rate adjustment valve 12 is
placed in a closed state, so that the cooling water does
not flow through the bypass piping 10. Namely, the cooling
water having been cooled to a temperature corresponding
to the capacity of the cooler 8 is supplied to the ozone
generating device 3. It should be said here that the
bypass piping 10 is a piping different to that served for
a flow-rate adjustment in a general cooling facility.
After the specifications of the cooler and the circulation
pump are determined in consideration of a required cooling
capacity and a flow rate of the cooling water to be supplied

for a target to be cooled, a general bypass piping is

installed usually in the cooler in order to adjust the
cooling ability by the specifications. However, the
bypass piping 10 shown in this embodiment is not that used
for adjusting the cooler/circulation pump-side ability.

[6050] <Maintenance Mode>

The maintenance mode is executed when a signal
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indicative of such data that causes the control unit 4 to
determine that a sign of abnormality emerges, is sent from
at least one of the dew-point measuring unit 2 and the
differential-pressure measuring unit 6. That 1is, this
mode is an operation mode to be executed when the control
unit determined that there is a sign of abnormality
occurrence or a state of abnormality occurrence for the
operation of the ozone generating device 3, because of N,0s
produced with ozone, nitric acid produced by the reaction
of water in the source gas and N;0s, and Fe (NO3)3 produced
by the reaction of nitric acid and the metal members, having
become significant. Namely, this operation mode 1is
executed in a state where it is highly likely that the
adhered amount of the above products in the ozone
generating device 3 exceeds the value of that in the normal
operation, or where the amount exceeded the value.

[0051] Specifically, in the maintenance mode, the
control unit 4 sets the operational condition so that the
electrode tube temperature falls in an area C (hatched
portion) in Fig.4. This area C represents a range that
is placed in the area B as a working-operation allowable
range, but not less than the 1lower 1limit of a
later-described temperature necessary for removing solid
N,Os by vaporization. Since the mode is basically used for

increasing the temperature, at least one of increasing the
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applied power density and increasing the cooling water
temperature is performed. Thus, a variation occurs in the
amount of ozone to be generated, so that the ozonized gas
is supplied to either one or both of the ozone utilization
facility 200 through the valve 14 and the ozone removal
treatment unit 5 through the valve 15, according to the
requirement of the treatment processing side to which the
ozonized gas 1s supplied.

[0052] The temperature is increased by the
manipulation of the cooling system (temperature
adjustment device 7), namely, the temperature of the
cooling water is adjusted by the following manner. If the
temperature adjuster 13 places the flow-rate adjustment
valve 11 and the flow-rate adjustment valve 12 both in open
state, the cooling water £flows not only through the coocler
8 but also through the bypass piping 10. That is, although
the flow rate of the cooling water supplied to the ozone
generating device 3 is maintained, since a portion thereof

is fed back to the ozone generating device 3 without being

subjected to heat removal by the cooler 8, the temperature
of the cooling water supplied to the ozone generating
device 3 becomes higher than at the time of the normal
operation mode.

[0053] At that time, in the control unit 4, a table

is being stored that represents a relationship of the
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electrode tube temperature relative to the applied power
density and the cooling water temperature. Then, in the
case, for example, where the applied power is not changed
and only the cooling water temperature is changed, the

control unit outputs, based on the density of power applied

to the ozone generating device 3, the command value of the
cooling water temperature to the temperature adjuster 13
so that the temperature adjuster 13 causes the electrode
temperature to reach the temperature required in the
maintenance mode. The temperature adjuster 13 adjusts the
lifts of the flow-rate adjustment valve 11 and the
flow-rate adjustment valve 12 so as to achieve the
commanded cooling water temperature.

[0054] When the control of the flow-rate adjustment
valves 11,12 is initiated by the temperature adjuster 13,
the temperature of the cooling water supplied to the ozone
generating device 3 1is increased, and in association
therewith, the electrode tube temperature is increased (of

course, an average temperature in the discharge space 305

is increased in association with the increase 1in the

electrode tube temperature). On this occasion, further,
the density of power applied to the ozone generating device
3 is manipulated to thereby finely adjust the electrode
tube temperature to be maintained in the area C.

[0055] In order to increase the electrode temperature
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and stabilize it in the area C, it is required to control
appropriately both of the cooling water temperature and
the applied power density. By controlling both of them
in their cooperative manner, it is possible to promptly
and accurately control/stabilize the electrode tube
temperature. At the time of switching to the maintenance
mode, the lifts of the flow-rate adjustment valves 11 and
12 are adjusted so that the electrode tube temperature is
maintained in the area C according to the applied power
density in a given operation state.

[0056] At the discharge load 1like 1in the ozone
generating device 3, such a possibility is thought that
a rapid change in operational condition in the operating
(ozone generating) state possibly causes an unexpected
failure (said extremely, breakage of the electrode tube
or occurrence of abnormal discharge). Thus, it 1is
preferable that the change in the condition be carried out
moderately. Following to a change in each of the electrode

tube temperature and the discharge space temperature,

changes occurs in the gas pressure and the dielectric
constant and dielectric loss of the material of electrode
tube, so that the electrical characteristic in the
discharge load changes. Thus, a rapid change in the
operational condition with disregard of the change in the

discharge 1load 1is undesirable. An increase in the
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electrode tube temperature in association with the
increase in the cooling water temperature is a relatively
moderate phenomenon, and from this viewpoint, the
manipulation of the cooling water temperature is favorable
as a first step for changing the operational condition.
However, because of the moderate phenomenon, it takes time
for the electrode tube temperature to reach a preset
temperature. Further, solely by adjusting the lifts of
the flow-rate adjustment valves 11,12, namely, solely by
increasing the cooling water temperature, it is difficult
to promptly and highly accurately make the electrode tube
temperature to be maintained in the area C.

[0057] Meanwhile, an increase in the electrode tube
temperature due to manipulation of the applied power
density that is controlled by at least one of the current,
the voltage and the power of the ozone generating device
3, is a rapid phenomenon because this temperature increase
is caused by adjusting an electrical load for the electrode
tube itself, and in addition, a trace amount thereof can
be controlled, so that its highly-accurate manipulation/
control can be achieved. Accordingly, at the time of the
first step of adjusting the 1lifts of the flow-rate
adjustment valves 11,12 by the temperature adjuster 13,

the electrode tube temperature is adjusted

macroscopically to reach to near the area C or in the area
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C while suppressing a rapid load relative to the discharge

load by moderately changing the electrode tube temperature.

Then, with respect to the electrode tube temperature
adjusted in the first step, a cooperative control for
highly accurately and stably maintaining the temperature
in the area C, is executed by the manipulation of the
applied power density as a second step, so that it is
possible to promptly execute the switching of the
operation mode and achieving the maintenance mode, in
highly reliable manner.

[0058] As a matter of course, the aforementioned
control by the temperature adjuster 13 at the time of the
first step, namely, the adjustment of the lifts of the
flow-rate adjustment valves 11 and 12, may be executed
concurrently with the manipulation of the applied power
density while effects of both of these on the electrode
tube temperature are being monitored mutually to each
other. It should be noted that, this case results out of

the moderate control by the first step, so that it 1is

necessary to manipulate the applied power density in

consideration of the changes 1in variety of the
characteristics as mentioned above, such as, a delay of
increase in the electrode tube temperature due to increase
in cooling water temperature, the gas pressure, and the

like. However, this case is preferable when the mode
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switching is to be executed more promptly. Even in this
case, in order to stably maintain the electrode tube
temperature in the area C, it is better to finely adjust
the temperature by manipulating the applied power density.
[0059] When the cooperative control with the applied
power density is not executed at the time of the mode
switching as aforementioned, namely, when the electrode
tube temperature is maintained in the area C solely by
adjusting the 1lifts of the flow-rate adjustment valves by
the temperature adjuster 13, a moderate change is given
as aforementioned, so that the mode switching can be
achieved without giving a rapid effect to the discharge
load. However, there is a drawback that the time necessary
for the mode switching becomes longer, and that, because
the 1ift adjustment of the valves 11,12 corresponds to a
relatively rough control, it is difficult to make a stable
temperature control in comparison to the control by the
applied power density. Further, if the electrode tube

temperature falls into a state likely to exceed the upper

limit of the temperature in the area C, so that a control
for immediately lowering the temperature becomes required,
because the action of the effect by the control, namely,
the temperature change is moderate, there is a possibility

that the temperature exceeds the upper limit of the area

C, so that the ozone generating device 3 determines this
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to be a device failure and is suspended. Thus, in order
to achieve the mode switching and the maintenance mode
described in this embodiment, the cooperative control of
the temperature adjuster 13 and the applied power density
to the ozone generating device 3, namely, the power source,
is required. 1In particular, in order to finely adjust and
stably maintain the electrode tube temperature in the area
C, the control of the applied power density is essential.
[0060] In the ozone generating system according to
this embodiment, as to the range of the electrode tube
temperature in the maintenance mode, the temperature of
the cooling water supplied to the ozone generating device
3 and the applied power density are adjusted so that, for
example, the electrode tube temperature becomes more than
42°C when a gas supply pressure (= the gas pressure P in
the discharge space 305) is 0.1 MPaG (= 0.2 MPa), and
becomes more then 47.5°C when the gas supply pressure is
0.2 MPaG (= 0.3 MPa). By operating the ozone generating
device 3 in such a condition, it is possible to place N;0s
fhéf iééfdiséharge”broduéf in fﬂenézoﬁeméehéré£iag>de§i5e
3, into a space having a temperature of its sublimation
point or more.

[(0061] Here, the lower limit of the temperature in the
area C will be described using Fig.5.

Fig.5 is a vapor pressure curve of N;Os in which the
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abscissa represents a saturated vapor pressure indicated
as an absolute pressure, and the ordinate represents a
temperature. Namely, assuming that the abscissa
represents the gas pressure P in the discharge space 305,
when the temperature is increased to more than a
temperature corresponding to the pressure, the saturated
vapor pressure of N,Os becomes more than the surrounding
pressure, so that it can be vaporized up to 100%. Here,
since the range of the operation pressure of the ozone
generating device 3 optimized in this embodiment is from
0.2 to 0.3 MPa (absolute pressure), the sublimation point
of N;O0s under the operation pressure becomes, as 1is
different to that of 32.4°C under the atmospheric pressure,
42°C at 0.2 MPa and 47.5°C at 0.3 MPa.

[0062] According to the conventional ozone generating
devices, in the maintenance related to the discharge
product, in order to suspend the ozone generating device
and make it open to the atmosphere pressure, each
maintenance temperature is set based on the sublimation
point of N;05 (32.4°) under the atmospheric pressure.
However, in this embodiment in which the maintenance mode
is implemented so that N;Os is removed during the operation
of the ozone generating device 3, it is required to take
into consideration the sublimation point (vapor pressure

curve) of N;0s under the operation pressure, so that it
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is necessary to set the electrode tube temperature higher
than the maintenance temperature of the conventional ozone
generating devices. In other words, according to the
temperature setting methods of the conventional ozone
generating devices, there is included a temperature range
where N,0s could not be sublimated, whereas according to
the temperature range set in the maintenance mode of the
ozone generating system according to this embodiment, N,Os
can be sublimated theoretically at all of the temperatures
therein.

[0063] Thus, in the ozone generating system according
to Embodiment 1, the electrode tube temperature in
operation is set to more than 42°C when the gas supply
pressure is 0.1 MPaG, and to more then 47.5°C when the gas
supply pressure is 0.2 MPaG. Namely, the electrode tube
temperature is set to a temperature at which the saturated
vapor pressure of N;Os is more than the gas pressure P in
the discharge space 305 in operation. This causes N,0s
existing in the discharge space 305 to make a phase change
froﬁ.a sdiid to-a"gas,-sbAtﬁaf itsAsfafing”pfobaﬁiiity>éﬁaA
staying time in the discharge space 305 are reduced
drastically.

[0064] Further, even when N;05 reacts with a small
amount of water in the source gas, since the gas is

exhausted together with nitric acid thus-produced to the
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post stage side of the ozone generating device 3, the
staying probability and the staying time of nitric acid
in the discharge space 305 are reduced drastically. Thus,
a possibility of metal corrosion in the ozone generating
device 3 in operation becomes reduced significantly.
Further, a probability of production of Fe(NO3)3 to be
produced by the reaction of N;0s with water is reduced
according to the reduction in staying probability and
staying time of nitric acid. Here is noted that when the
electrode tube temperature is set 50°C or more, Fe(NO3)s
is decomposed, resulting in reduction of the presence of
hygroscopic Fe(NO3)3 but in production of nitric acid.
However, because the production amount of Fe (NOj3)3; itself
has been reduced, the amount of nitric acid produced by
the decomposition of Fe (NO3)3 becomes quite small, and thus
it flows away to the post stage side of the ozone generating
device 3 in a manner as assoclated with the gas.

[0065] As described above, by the maintenance mode,

the temperatures of the electrode tube and the discharge

épacé ébgmbecéﬁe"aﬁfaiuéméhbughufo chénge_tﬁe_sféfé-éfuthé-

discharge product, so that it becomes possible to
physically remove the discharge product in the discharge
space 305, and also to reduce drastically the staying
probability and the staying time of nitric acid in the ozone

generating device 3. Thus, it is unnecessary to suspend
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the ozone generating system and to make the ozone
generating device 3 open to atmosphere, so that the number
of the open inspections can be reduced significantly in
comparison with the conventional cases. Further, it is
also unnecessary to newly add an instrument for
maintenance, so that it is possible even for the user side
to easily clean up the discharge unit without making the
ozone generating device 3 open. Furthermore, the
discharge space 305 is prevented beforehand from being
choked off, and the metal members and the high-voltage
electrode 303 are suppressed from being corroded, so that
it 1s ©possible to continue highly-efficient ozone
generation in a highly reliable manner.

[0066] For the conventional open-to-atmosphere
maintenance, a lot of time is required, so that the
suspended time of the system and the cost for the
maintenance have placed a burden on the user. However,
according to this embodiment, as aforementioned, the
number of the open inspections can be reduced
significantly. In particular, the discharge unit can be
cleaned up without making it open to atmosphere, and thus,
a great effect is provided in that a step for restoring
the dew point of the gas in the ozone generating device
after the conventional open-to-atmosphere maintenance,

becomes unnecessary, to thereby cut out a lot of time
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required for that step. Further, a consumed amount of the
source gas not served for the generation of oczone, but taken
for restoring the gas dew point, can also be reduced.

[0067] Note that, with respect to the operational
control by the maintenance mode, description has been made
for the case where the electrode tube temperature (cooling
water temperature) and the applied power density are
manipulated assuming that the gas pressure P in the
discharge space 305 is constant; however, the control is
not limited thereto. For example, N,0s; may be vaporized
by decreasing the gas pressure P in the discharge space
305 so as to be lower than the saturated vapor pressure
of N,Os5. Instead, the saturated vapor pressure of N,05 may
be made to be higher than the gas pressure in the discharge
space 305 by manipulating the gas pressure in combination

with the electrode tube temperature and the applied power

density.
[0068] In general, at a discharge load, when the gas
pressure is decreased during its operation, the

discharging state changes, causing in some cases an
adverse effect on the discharge unit. In the ozone
generating system according to this embodiment, when the
gas pressure P is decreased in the maintenance mode,
because of a reduction in impedance, it becomes more likely

to cause an electric discharge in the ozone generating
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device 3, so that for some situations, there is concern
over an occurrence of abnormal discharge or an enlargement
of power. However, in the ranges of the gap length d and
the gas pressure P set in the ozone generating device 3
used in the ozone generating system according to this
embodiment, an amount of voltage change required for
keeping discharge is at most about 1.5 kV. This degree
of the amount of change never interferes with stability
of the discharge required for the generation of ozone.

[0069] Meanwhile, when the voltage applied to the
ozone generating device 3 is constant (about 10 kV), there
is a possibility that a voltage applied to the dielectric
member other than the discharge space is increased by about
1.5 kV according to a decrease in the gas pressure P;

however, in the insulation design of the dielectric member,
it is designed to withstand a voltage of 1.5 times the
working voltage, and thus it is extremely unlikely that
an abnormal discharge or a breakage occurs. Further, said
differently, it becomes possible to apply predetermined
power to the ozone generating device 3 with a voltage that
is lower than that before the decrease in the gas pressure,

so that the applied power is increased when the applied
voltage is constant. Since an increase in the applied
power is equivalent to an increase in the electrode tube

temperature, although depending on a manipulation amount
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of the gas pressure P, aneffect of increasing the electrode
tube temperature emerges in addition to the effect by the
manipulation of the gas pressure, thus causing Ny;05 to be
more likely to vaporize. In the maintenance mode
described in this embodiment, since the electrode tube
temperature is controlled on the basis of Fig.4 (to fall
within the area C shown in the figure), there is nothing
that the ozone generating device 3 is operated in a
temperature range where the electrode tube, for example,
is damaged.

[0070] As described above, by making a change in the
gas pressure P, the vaporization of N;0s5 can be promoted.
Although the change in the gas pressure P is not at the
level of impairing the stability of discharge, a prompt
change in the operational condition should have to be
avoided as much as possible. 1In that event, by executing
a cooperative control of the temperature adjuster 13 and
the gas pressure P, that is, the gas supplying device 1,
it is possible to make the saturated vapor pressure of N;Os
higher than the gas pressure in the discharge space 305.
On this occasion, since a decreasing amount of the gas
pressure can be made smaller, the effect on the discharge
becomes extremely small.

[0071] At the time of the mode switching, in order to

increase the electrode tube temperature, the temperature
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adjuster 13 executes the 1ift adjustment of the flow-rate
adjustment valves 11 and 12, to thereby change the
electrode tube temperature in the direction to be
maintained in the area C. This operation is referred to
as a first step. The operation of the first step provides
a moderate change, so that it gives a small effect to the
discharge load and is thus well-suited for controlling the
load. Accordingly, it is no problem to apply a relatively
rough control thereto. After the operation of the first
step or while continuing this operation, the gas pressure
P is decreased. This is referred to as a second step. The
decrease in the gas pressure P can be easily achieved by
decreasing the discharge pressure of the gas supplying
device 1 (reducing the amount of gas supply), or by making
larger the lift of an ozonized-gas outlet side valve of
the ozone generating device 3. In such a way, in
association with the increase in the cooling water
temperature, the electrode tube temperature is increased,
so that the saturated vapor pressure of N,05 is increased.
inAéddifiQﬂ; by aecréasiﬁg tﬁe das-préééﬁféAﬁé iﬁ-is
possible to make the saturated vapor pressure of N»,0s higher
than the gas pressure in the discharge space 305. When,
before the manipulation of the gas pressure P, the
saturated vapor pressure of N;05 is increased by increasing

the electrode tube temperature, the decrease (change
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amount) in the gas pressure P can be made smaller than in
the case 0of solely manipulating the gas pressure P.
[0072] As a matter of course, the aforementioned
control by the temperature adjuster 13 at the time of the
first step, namely, the adjustment of the 1lifts of the
flow-rate adjustment valves 11 and 12, may be executed
concurrently with the manipulation of the gas pressure P
while effects of both of these on the saturated vapor
pressure of N»,05 are being monitored mutually to each other.
It should be noted that, this case results out of the
moderate control by the first step, so that it is necessary
tomanipulate the gas pressure P in consideration of a delay
of increase in the electrode tube temperature due to
increase 1in cooling water temperature. This case 1is
preferable when the mode switching is to be executed more
promptly.

[0073] An increase in the cooling water temperature
by the temperature adjuster 13 is a relatively moderate
phenomenon, whereas a change in the gas pressure P is a
rapid phenomenon. Thus, when a cooperative control by the
temperature adjuster 13 and the gas supplying device 1 is
used, a prompt mode switching can be achieved in comparison
to solely manipulating the cooling water temperature.
Further, likewise, by adding the manipulation of the

applied power density to the cooperative control by the
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temperature adjuster 13 and the gas supplying device 1,
it is possible to achieve a more highly-accurate and stable
mode switching and maintenance mode. In particular, in
order to maintain the electrode tube temperature in the
area C and to achieve its stability, it is preferable to
finely adjust the applied power density.

{0074] As shown in Fig.3, the maintenance mode is ended
at the stage where the control unit 4 determined that the
abnormality was eliminated (Step S40 "Y") on the basis of
data of the dew point or the differential pressure output
from the dew-point measuring unit 2 or the differential-
pressure measuring unit 6, so that the ozone generating
device 3 1is, while being 1in operation, returned
automatically to the normal operation mode. That is, the
applied power density and the temperature of the cooling
water supplied to the ozone generating device 3 are
returned automatically to the 1initial operational
condition to thereby continue such a proper operation.
[0075] It should be noted that, in the maintenance mode,
Siﬁcé £Hé-eiéc£rode tﬁbe-témperafufe-andAtﬁéAévéfaéé
temperature of the discharge space 305 change in the
direction to become higher than in the normal operation
mode, the ozone generation efficiency of the ozone
generating device 3 is reduced. ©Namely, when the supply

amount of the source gas is kept constant, a concentration
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of ozone being output becomes reduced. 1In the case where
the ozone utilization facility 200 that utilizes the ozone
generating system according to this embodiment does not
accept a temporal reduction in ozone concentration in the
maintenance mode, it is better to feed, at least until the
ozone concentration is restored, the output ozonized gas
directly to the ozone removal treatment unit 5 as
previously described, and to supply, after the operation
returned automatically to the normal operation mode, the
ozonized gas to the ozone utilization facility 200.

[0076] Further, in the maintenance mode, when it is
necessary to maintain the ozone generation amount
comparable to that in the normal operation mode, such an
ozone generation amount can be ensured by increasing the
supply amount of source gas even though the ozone
concentration 1is reduced. In contrast, when it is
necessary to maintain the ozone concentration, such an
ozone concentration can be ensured by decreasing the
supply amount of source gas even though the ozone
genef%giéﬁuéﬁount is dec%ééééa:m Wheﬁmégyude£héée éﬁéﬁeé»
is accepted, it is possible to continuously supply the
ozonized gas to the ozone utilization facility 200.

[6077] As described above, the ozone generating system
according to Embodiment 1 of the invention comprises: the

discharge electrodes (discharge electrode unit) 30 that
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are arranged opposite to each other to thereby form a
discharge space 305 for generating ozone; the gas
supplying device 1 that supplies pressurized air as a
source gas for generating ozone to the discharge space 305;
the unshown power source device in the ozone generating
device 3, that supplies power for discharging to the
discharge electrodes (discharge electrode unit 30); the
cooling system (temperature adjustment device 7) that
functions as a temperature control device for adjusting
a temperature of the discharge electrodes (discharge
electrode unit 30); the control unit 4 that controls the
gas supplying device 1, the power source device and the
temperature adjustment device 7 in their cooperative
manner, to thereby control generation of ozone in the
discharge space 305; and the dew-point measuring unit 2
and the differential-pressure measuring unit 6 that
function as a measurement unit for measuring at least one
of a dew point of the source gas supplied to the discharge
space 305 and a pressure loss of the source gas in the
diéehérge spéﬁeUSOg,

wherein, during the generation of ozone 1in the
discharge space 305, the control unit 4 determines whether
or not there is an abnormality in the discharge space 305
or its sign on the basis of at least one of values of the

dew point and the pressure loss output from the dew-point
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measuring unit 2 and the differential-pressure measuring
unit 6, and if determined there is an abnormality in the
discharge space 305 or its sign, the control unit, in a
state where the generation of ozone is continued in the
discharge space 305, increases the temperature of the
discharge electrodes (discharge electrode unit 30) so that
the saturated vapor pressure of dinitrogen pentoxide
(N,0s5) corresponding to the temperature of the discharge
electrodes (discharge electrode unit 30) becomes higher
than the gas pressure P in the discharge space 305; namely,
the control unit is configured so that it can execute the
maintenance mode.

[0078] Thus, it is possible to adequately determine
about the abnormality or its sign due to the accumulation
of solid dinitrogen pentoxide in the discharge space 305.
When the abnormality or its sign is found through such a
determination, N;0s can be vaporized 1in a state of
continuing the operation (ozone generation) to thereby
eliminate the abnormal state. This makes it possible to
maintain a stable operating state without interrupting
generation of ozone, to thereby achieve a highly~-reliable
ozone generating system.

[0079] Namely, without suspending the discharge of the
ozone generating device 3 and also without making the ozone

generating device 3 open to atmosphere, it is possible to
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remove the discharge product accumulated in the discharge
space 305 and adhered to the discharge electrodes
(discharge electrode unit 30). Thus, an effort, a cost
and a time for the periodic maintenance that has been
recommended by the makers can be reduced significantly,
and the production of nitric acid in association with the
open-to-atmosphere operation 1is suppressed. This
significantly enhances the reliability of the device.
[0080] In particular, when the control unit 4 is
configured to control the density of applied power applied
to the discharge space 305, the temperature of the cooling
water flowing through the discharge electrodes (discharge
electrode unit 30), and the gas pressure P in the discharge
space 305 so as to increase the temperature of the discharge
electrodes (discharge electrode unit 30), it is possible
to achieve a more highly-accurate and stable mode
switching and maintenance mode.

{0081 In another respect, when the control unit 4 is
configured to decrease the gas pressure P in the discharge
spéce 305mﬁp“f6 a pfedéfefﬁihéduﬁgeééﬁféAexéeédiﬁé thé
atmospheric pressure so that the saturated vapor pressure
of dinitrogen pentoxide corresponding to the temperature
of the discharge electrodes (discharge electrode unit 30),
becomes higher than the gas pressure P in the discharge

space 305, it 1is possible to vaporize Ny;0s to thereby
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eliminate the abnormal state, even if the temperature is
not largely changed. 1In still another respect, because
the gas pressure P can be promptly changed, an effect of
removing N;Os emerges earlier than the effect by the
increase in the temperature.

[0082] In particular, when the gas pressure P in the
discharge space 305 is set to 0.1 MPa or more but less than
0.2 MPa as a gauge pressure, it is unable to vaporize at
about 40°C in some cases; however, by increasing the
temperature to in a range from 42°C to 47.5°C according
to the gas pressure P, the ozone generation efficiency is
enhanced, and an effect of vaporizing N;0s emerges
remarkably.

(0083] In particular, the space length d that is an
interval between the discharge electrodes (discharge
electrode unit 30) is 0.3 mm or more but 0.6 mm or less,
the ozone generation efficiency is enhanced and the above
effect emerges in a particularly remarkable fashion.
[0084] Meanwhile, the discharge electrode unit 30 is
configured (with the grounding electrode 301 and a tank
as a casing of the ozone generating device 3) to allow the
cooling water for removing heat generated in the discharge
electrode unit 30 to flow therethrough. The temperature
adjustment device is the cooling system (temperature

adjustment device 7) that includes the circulation pump
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9 for supplying and circulating the cooling water to the
ozone generating device 3 and the cooler 8 for cooling the
cooling water due to absorption of heat. Further, in the
temperature adjustment device, there are provided themain
piping through which the cooling watexr going cut from the
discharge electrodes (discharge electrode unit 30) (or
from the ozone generating device 3 provided therewith)
passes through the cooler 8 and is then returned to the
ozone generating device 3, and the bypass piping 10 through
which the cooling water is returned to the ozone generating
device 3 without passing through the cooler 8, so that the
temperature of the cooling water supplied to the ozone
generating device 3 is increased by enlarging the rate of
the cooling water caused to £flow through the bypass piping
10. Namely, it 1is configured so that, by reducing the
absorption amount of heat by the coolexr 8 from the cooling
water, the water temperature of the cooling water is
increased, to thereby increase the temperature of the
discharge electrode unit 30. Thus, extra energy such as
Aby-ﬁeétiﬁg is-not necéssary; N&twi£hétandiﬁg;-i£Ais
possible to maintain a stable operating state without
interrupting generation of ozone, to thereby achieve a
highly-reliable ozone generating system.

[0085] Further, as described above, the ozone

generation method according to Embodiment 1 of the
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invention 1s an ozone generation method in which
pressurized air is supplied as a source gas to the discharge
space 305 formed by the discharge electrode unit 30 that
is mutually opposite electrodes with the interval d
therebetween, and a discharge is caused in the discharge
space to thereby generate ozone, said ozone generation
method comprising:

measuring at least one of the dew point of the source
gas supplied to the discharge space 305 and the pressure
loss of the source gas at the discharge space 305, during
the normal operation mode in which ozone is being generated
(Step S10);

determining whether or not there is an abnormality
or its sign in the discharge space 305 on the basis of at
least one of the measured dew point and pressure loss (Step
20); and,

when it is determined that there is an abnormality
or its sign in the discharge space 305 (Step S$20, "Y"),
switching the mode to the maintenance mode (Step S30) in
thch the"temperéture of the dischafge elécfréde unit 36;
in a state of continting generation of ozone, is increased
so that the saturated vapor pressure of dinitrogen
pentoxide corresponding to the electrode tube temperature
that is a temperature of the discharge electrode unit 30,

becomes higher than the gas pressure P in the discharge
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space 305.
[0086] Thus, it is possible to adequately determine
about the abnormality or its sign due to the accumulation
of solid dinitrogen pentoxide in the discharge space 305.
When the abnormality or its sign is found through such a
determination, N;0s can be vaporized 1in a state of
continuing the operation (ozone generation) to thereby
eliminate the abnormal state. This makes it possible to
maintain a stable operating state without interrupting
generation of ozone, to thereby achieve a highly-reliable
ozone generation method.
[0087] Embodiment 2

An ozone generating system according to Embodiment
2 of the invention will be described. Although the ozone
generating system according to Embodiment 2 is similar in
basic configuration and operation to Embodiment 1, what
is characteristic is that a nitric-acid concentration
measuring unit and a nitric-acid trap are incorporated
between the o0zone generating device and the ozone
ﬁtilizafiéh-facility: figZG-is a s&sfemaéié diéérém
showing an instrumental configuration, a control system,
a flow system and the like, of the ozone generating system
according to Embodiment 2. In the figure, the same
reference numerals are given for the parts similar to or

corresponding to the components of the ozone generating
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system according to Embodiment 1, so that description
thereof is omitted unless otherwise necessary.

[0088] As shown in Fig.6, in the ozone generating
system according to Embodiment 2, there are provided a
nitric-acid concentration measuring unit 16 and a
nitric-acid trap 17 that are placed in between the ozone
generating device 3 and the ozone utilization facility 200
(exactly, the valve 14) where the post stage of the gas
flow system is formed, and a valve 18 and a valve 19 that
control a gas flow to the nitric-acid trap 17. 1In the
normal operation mode, the nitric-acid concentratidn
measuring unit 16 executes a state monitoring as similar
to the dew-point measuring unit 2 and the differential-
pressure measuring unit 6, to measure a concentration of
nitric acid included in the ozonized gas, thereby
outputting a signal to the control unit 4. Here, assuming
that a first threshold value is defined as two times a
nitric acid concentration in a proper operation, even when
the signal output from the nitric-acid concentration
ﬁeésﬁriﬁéanit léindicafesthét:tﬁéébhcénéfétioﬁ£éébﬁéé
the first threshold value, the control unit 4 determines
that there is an abnormality or its sign, to thereby cause
switching to the maintenance mode, in a similar manner
described for Step S20 in Fig.3 according to Embodiment

1. Then, for the maintenance mode, the control unit
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instructs the temperature adjuster 13 to increase the
cooling water temperature up to a predetermined value or
more, as described in Embodiment 1.

[0089] Meanwhile, in Embodiment 2, when the
nitric-acid concentration output from the nitric-acid
concentration measuring unit 16 becomes more than a second
threshold value that is higher than the first value in the
maintenance mode, the control unit further controls so
that the gas output from the ozone generating device 3 is
fed to either one or both of the nitric-acid trap 17 and
the ozone removal treatment unit 5.

[0090] The presence/absence of an abnormality or its
sign is determined taking also into consideration the data
of the nitric acid concentration output from the
nitric-acid concentration measuring unit 16, in addition
to the data of the dew point or the differential pressure
output from the dew-point measuring unit 2 or the
differential-pressure measuring unit 6. Thus, the

maintenance mode is ended at the stage where, on the basis

of the data of the nitric acid concentration in addition

to the data of the dew point or the differential pressure,
it is determined that the abnormality was eliminated
(corresponding to Step S40 in Embodiment 1), and then the
ozone generating device 3 is, while being in operation,

returned automatically to the normal operation mode. That
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is, the applied power density and the temperature of the
cooling water supplied to the ozone generating device 3
are returned automatically to the initial operational
condition to thereby continue such a proper operation.
[0091] Here, for example, when the nitric acid
concentration is less than the second threshold value, it
is possible by manipulating the valves 18 and 19 (valve
18: open, valve 19: closed), to feed the gas to either one
or both of the ozone utilization facility 200 through the
valve 14 without passing through the nitric-acid trap 17
and the ozone removal treatment unit 5 through the valve
15. Further, the supply destination may be automatically
determined by the control unit 4 in such a manner that it
outputs ON/OFF commands for the valve 14 and the valve 15
according to the output from the nitric-acid concentration
measuring unit 16.

[0092] As the nitric-acid trap 17, a gas cleaning
device using water may be applied, for example. By the
nitric-acid trap 17, an adhered amount of nitric acid to
the metal pipings downstream of the ozone generating
device 3 can be controlled, so that corrosion of the metal
pipings by nitric acid can be reduced. Further, since the
introduction of nitric acid 1into the ozone removal
treatment unit 5 is reduced, it is achievable to prolong

the duration of the ozone removal treatment unit.
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[0093] Meanwhile, in this embodiment, there is placed
the nitric-acid concentration measuring unit 16, and the
nitric acid concentration is selected as a requirement for
switching to the maintenance mode; however, a NOx
concentration may be selected as the requirement for
switching by replacing the nitric-acid concentration
measuring unit 16 with a NOx-concentration measuring unit.
[0094] As described above, the ozone generating system
according to Embodiment 2 of the invention is, similarly
to Embodiment 1, provided with a configuration capable of
executing the maintenance mode, and further includes the
nitric-acid concentration measuring unit 16 that measures
anitric acid concentration in the ozonized gas output from
the ozone generating device 3 (exactly, discharge space
305) or the unshown NOx-concentration measuring unit that
measures a NOx concentration in the gas; wherein with the
above unit, the nitric-acid trap 17 that is a nitric acid
removing unit for removing a nitric-acid component in the
ozonized gas 1s provided downstream of the ozone
generéfingAdevice 3;Aand-whéréin;Awhen £he value of tﬁé
nitric acid concentration output from the nitric-acid
concentration measuring unit 16 or the NOx concentration
output from the NOx-concentration measuring unit is higher
than a first value, the control unit 4 determines that there

is an abnormalityor its sign in the ozone generating device
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3, and further when +the wvalue of the nitric acid
concentration or the value of the NOx concentration is
higher than a second value that is higher than the first
value, the control unit controls so that at least a part
of the ozonized gas 1is passed through the nitric-acid
removing unit (nitric-acid trap 17) according to that
concentration.

[0095] Thus, similarly to Embodiment 1, it is possible
to remove the discharge product accumulated in the
discharge space 305 and adhered to the discharge electrode
unit 30, without suspending the discharge of the ozone
generating device 3 and also without making the ozone
generating device 3 open to atmosphere. Therefore, an
effort, a cost and a time for the periodic maintenance that
has been recommended by the makers can be reduced
significantly, and the reliability of the device can be
enhanced significantly.

[0096] Further, as a feature of Embodiment 2, there

are provided the nitric-acid concentration measuring unit

16 that measures a concentration of nitric acid discharged

from the ozone generating device 3 and the nitric-acid trap
17 as a nitric~acid removing unit that traps nitric acid.
Thus, in the normal operation, it is possible to utilize
the nitric acid concentration as a requirement for

switching to the maintenance mode, in addition to the gas



66

dew point and the differential pressure. Besides, in the
maintenance mode, it is possible to select whether to use
the nitric-acid trap and which destination the ozonized
gas 1s to be supplied, according to the measured nitric
acid concentration. Thus, even when an ozonized gas whose
composition is different to that in the normal operation
mode, is not allowed to be used in the treatment process,
it can be treated directly at the ozone removal treatment
unit 5, so that it is not at all necessary to suspend the
ozone generating device 3.
[0097] Embodiment 3

An ozone generating system according to Embodiment
3 of the invention will be described. Although the ozone
generating system according to Embodiment 3 is similar in
basic configuration and operation to Embodiment 1, what
is characteristic is that, in the cooling system, instead
of placing the bypass piping, the operation of the cooler
is made controllable. Fig.7 1is a systematic diagram
showing an instrumental configuration, a control system,
a fléw sygfém and ﬁﬁe iike; éf therzoneAgeneratihg system
according to Embodiment 3. In the figure, the same
reference numerals are given for the parts similar to or
corresponding to the configuration instruments of the
ozone generating system according to Embodiment 1, so that

description thereof is omitted unless otherwise
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necessary.
{0098] As shown in Fig.7, in the ozone generating
system according to Embodiment 3, there are provided in
the cooling system (temperature adjustment device 7}: a
circulation pump 9 for circulating the cooling water for
cooling the ozone generating device 3; a cooler 8 for
cooling the cooling water increased in temperature due to
absorption of heat generated in the ozone generating
device 3; and a temperature adjuster 13 for adjusting the
temperature of the water to be supplied to the ozone
generating device 3.

[6099] Further, the ozone generating device 3, the
circulation pump 9 and the cooler 8 are connected by the
pipings indicated by thick lines in the figure in a looped
form, to thereby constitute a cooling line that circulates
through between the ozone generating device 3, the
circulation pump 9 and the cooler 8. On the other hand,
the cooling (heat-exchanging) function of the cooler 8 is
made controllable (enable/disable) by command of the
temperatﬁfe adjuster 13, so th;t the wéter temperatu;e of
the cooling water to be output from the cooler 8 can be
adjusted.

[0100] Even in Embodiment 3, similarly to Embodiment
1, there are set two operation modes of (1) the normal

operation mode and (2) the maintenance mode, thereby
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providing such a feature that when the control unit 4
detects an abnormality or its sign, a switching between
these modes is made in a state where the discharge of the
ozone generating device 3 is continued without change.
That is, the production of nitric acid and the accumulation
of the discharge product in the ozone generating device
3 during operation in the normal operation mode, are
detected by use of the source-gas dew point or the
differential pressure of the ozone generating device 3,
and when an abnormality is determined, the operation can
be switched to the maintenance mode in a state where the
discharge (ozone generation) is continued without change.
[0101] When a signal indicative of the data that causes
the control unit 4 to determine that a sign of abnormality
emerges, is sent from at least one of the dew-point
measuring unit 2 and the differential-pressure measuring
unit 6 and thus the operation is switched to themaintenance
mode, the temperature adjuster 13 suspends the cooling

(heat-exchanging) function of the cooler 8. As a result,

the temperature of the cooling water flowing through the

cooling system (temperature adjustment device 7) 1is
increased due to the thermal energy based on fhe shaft power
of the circulation pump 9 and the heat generated by the
ozone generating device 3, so that the temperatures of the

electrode tube and the discharge space 305 in the ozone
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generating device 3 can be increased until they come into
the temperature range shown in Embodiment 1. Thereafter,
by appropriately controlling ON/OFF of the function of the
cooler 8, the temperature of the cooling water can be
controlled into an intended range. Further, concurrently
with the control of the cooling function, in the cooler
8, by reducing its discharging rate of flow to the ozone
generating device 3, the speed of temperature rise in the
cooling water can also be enhanced.

[0102] Namely, also in the ozone generating system
according to Embodiment 3, the electrode tube temperature
can be set to a temperature at which the saturated vapor
pressure of N,05 becomes more than the gas pressure P in
the discharge space 305 in operation. This causes N,Os
existing in the discharge space 305 to make a phase change
from a solid to a gas, so that the discharge product is
suppressed from adhering in the discharge space 305 and
to the electrode unit. Thus, with this mode, 1t 1is
possible to execute the maintenance of the electrode unit
ﬁithouf éﬁs?ending the ozone generation énd also withouf
making the ozone generating device open to atmosphere.
[0103] In a similar manner described using Fig.3 in
Embodiment 1, the maintenance mode is ended at the stage
where the control unit 4 determined that the abnormality

was eliminated (Step S40 "Y") on the basis of data of the
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dew point or the differential pressure output from the
dew-point measuring unit 2 or the differential- pressure
measuring unit 6, so that the ozone generating device 3
is, while being in operation, returned automatically to
the normal operation mode. That 1is, the applied power
density and the temperature of the cooling water supplied
to the ozone generating device 3 are returned
automatically to the initial operational condition to
thereby continue such a proper operation.

[0104] Meanwhile, here is described that the cooling
water temperature is controlled by controlling (enable/
disable) the cooling (heat-exchanging) function of the
cooler 8; however, when the cooler 8 is a chiller, it is
allowed that the heat-exchanging function is maintained
and instead, the setup temperature of the circulation
water (cooling water supplied to the ozone generating
device 3) is increased upon receiving a signal from the
control unit 4.

[0105] it is further allowed that, as to a
heat—traﬁsfer medium (watér, air,Aetc.) in the priméry
side (not shown) of the cooler 8, its circulation flow rate
in the primary side 1is controlled to suppress the
heat-exchanging function, so as to control the temperature
of the secondary side (cooling water for the ozone

generating device 3). This control 1is realized by
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providing in the heat-transfer medium circuit of the
primary-side, a flow-rate adjustment valve or bypass
circuit operable upon receiving a signal from the control
unit 4.

[0106] As described above, according to the ozone
generating system according to Embodiment 3, the discharge
electrodes {(discharge electrode unit 30) is configured
(with the grounding electrode 301 and a tank as a casing
of the ozone generating device 3) toallow the cooling water
for removing heat generated in the discharge electrode
unit 30 to flow therethrough; the temperature adjustment
device 1is the cooling system (temperature adjustment
device 7) that includes the circulation pump 9 for
supplying and circulating the cooling water to the ozone
generating device 3, and the cooler 8 for cooling the
cooling water due to absorption of heat; and further, the
cooling function of the cooler 8 itself is made adjustable,
so that the water temperature of the cooling water 1is
increased by reducing the cooling capability of the cooler
é. Naﬁéiy, itAié cénfigured so thét?mby“chéhgiﬁg the-
capability of the cooler 8 itself to reduce its absorption
amount of heat from the <cooling water, the water
temperature of the cooling water is increased to thereby
increase the temperature of the discharge electrode unit

30. Thus, extra energy such as by heating is not necessary.



Notwithstanding, it is possible to maintain a stable
operating state without interrupting generation of ozone,
to thereby achieve a highly-reliable ozone generating
system. Further, since any pipe-line switching for the
cooling water, such as between a main line and a bypass
line, is unnecessary, a change is moderate with respect
to the cooling water amount and the water temperature, so
that the switching between the maintenance mode and the
normal operation mode can be executed smoothly.

[0107] Thus, similarly to Embodiment 1, it is possible
to remove the discharge product accumulated in the
discharge space 305 and adhered to the discharge electrode
unit 30, without suspending the discharge of the ozone
generating device 3 and also without making the ozone
generating device 3 open to atmosphere. Therefore, an
effort, a cost and a time for the periodic maintenance that
has been recommended by the makers can be reduced
significantly, and the production of nitric acid 1in

association with the open-to-atmosphere operation is

suppressed. This significantly enhances the reliability

of the device.
[0108] Embodiment 4

An ozone generating system according to Embodiment
4 of the inventionwill be described. The ozone generating

system according to Embodiment 4 corresponds to a
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combination of the gas flow system in the ozone generating
system according to Embodiment 2 and the cooling system
in the ozone generating system according to Embodiment 3.

The basic configuration and operation other than the above,
is similar to in Embodiments 1 to 3.

[0109] Fig.8 is a systematic diagram showing an
instrumental configuration, a control system, a flow
system and the like, of the ozone generating system
according to Embodiment 4. In the figure, the same

reference numerals are given for the parts similar to or
corresponding to the configuration instruments of the
ozone generating systems according to Embodiments 1 to 3,

so that description thereof is omitted unless otherwise

necessary. As shown in Fig.8, in the ozone generating
system according to Embodiment 4, there are provided a

nitric-acid concentration measuring unit 16 and a
nitric—-acid trap 17 that are placed between the ozone
generating device 3 and the ozone utilization facility 200,
and a valve 18 and a valve 19 that control the gas flow
to the nitric-acid trap.

[0110] Further, in the cooling system (temperature
adjustment device 7), there are provided a circulation
pump 9 for circulating the cooling water for cooling the
ozone generating device 3, a cooler 8 for cooling the

cooling water increased in temperature due to absorption
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of heat generated in the ozone generating device 3, and
a temperature adjuster 13 for adjusting the temperature
of the water to be supplied to the ozone generating device
3; wherein the cooling (heat-exchanging) function of the
cooler 8 is made controllable (enable/disable) by command
of the temperature adjuster 13.

[0111] As described above, according to the ozone
generating system according to Embodiment 4, since the
maintenance mode similar to in Embodiments 1 to 3 is set
therein, it is possible to remove the discharge product
accumulated in the discharge space 305 and adhered to the
discharge electrode unit 30, without suspending the
discharge of the ozone generating device 3 and also without
making the ozone generating device 3 open to atmosphere.
Therefore, an effort, a cost and a time for the periodic
maintenance that has been recommended by the makers can
be reduced significantly, and the production of nitric
acid in association with the open-to-atmosphere operation
is suppressed. Thus, the reliability of the device
against corrosiﬁn-éan be enhanéedAéignifiééntly.

[0112] Furthermore, similarly to Embodiment 2, there
are provided the nitric-acid concentration measuring unit
16 that measures a concentration of nitric acid discharged
from the ozone generating device 3 and the nitric-acid

removing unit (nitric-acid trap 17) that traps nitric acid.



75

Thus, in the normal operation, it is possible to utilize
the nitric acid concentration as a reqguirement for
switching to the maintenance mode, in addition to the gas
dew point and the differential pressure. Besides, in the
maintenance mode, it is possible to select whether to use
the nitric-acid trap 17 and which destination the ozonized
gas is to be supplied, according to the measured nitric
acid concentration. Thus, even when an ozonized gas whose
composition is different to that in the normal operation
mode, is not allowed to be used in the treatment process,
it can be treated directly at the ozone removal treatment
unit 5, so that it is not at all necessary to suspend the
ozone generating device 3.
[0113] Embodiment 5

An ozone generating system according to Embodiment
5 of the invention will be described. As compared to the
ozone generating system according to Embodiment 3, what
is characteristic in the ozone generating system according
to Embodiment 5 is that a heat exchanger, which executes
_heatexchéﬁgé<xftﬁée#haustheétcﬂffﬁepowersourcedevice
for activating the ozone generating device with the
cooling water, is placed in the cooling system. The basic
configuration and operation other than the above, 1is
similar to those described in respective Embodiments 1 to

4.
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[0114] Fig.9 1is a systematic diagram showing an
instrumental configuration, a control system, a flow
system and the 1like, of the ozone generating system
according to Embodiment 5. In the figure, the same
reference numerals are given for the parts similar to or
corresponding to the configuration instruments of the
ozone generating systems according to Embodiments 1 to 4,
so that description thereof is omitted unless otherwise
necessary. As shown in Fig.9, in the ozone generating
system according to Embodiment 5, the cooling system
(temperature adjustment device 7) is provided with a heat
exchanger 20 that is placed between the ozone generating
device 3 and the circulation pump 9, and that executes heat
exchange of the exhaust heat of the power source device
for activating the ozone generating device 3 with the
cooling water.

[0115] Further, the ozone generating device 3, the
heat exchanger 20, the circulation pump 9 and the cooler
8 are connected by the pipings indicated by thick lines
in the figﬁre in a looped férm, to thereby éonstitute a
cooling line that circulates through between the ozone
generating device 3, the heat exchanger 20, the
circulation pump 9 and the cooler 8. This makes it
possible not only to adjust the water temperature of the

cooliﬁgwateroutputfromthecmolerih»butalsotoincrease
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the speed of temperature rise of the water by use of heat
provided from the heat exchanger 20.

[0116]) Even in Embodiment 5, similarly to Embodiment
1, there are set two operation modes of (1) the normal
operation mode and (2) the maintenance mode, thereby
providing such a feature that when the control unit 4
detects an abnormality or its sign, a switching between
these modes is made in a state where the discharge of the
ozone generating device 3 is continued without change.
That is, the production of nitric acid and the accumulation
of the discharge product in the ozone generating device
3 during operation in the normal operation mode, are
detected by use of the source-gas dew point and the
differential pressure of the ozone generating device 3,
and when an abnormality is determined, the operation can
be switched to the maintenance mode in a state where the
discharge is continued without change.

(0117) When a signal indicative of the data that causes
the control unit 4 to determine that a sign of abnormality
emerges, is sent from a£ léasf-éﬂe éf thé de@—point
measuring unit 2 and the differential-pressure measuring
unit 6 and thus the operation is switched to the maintenance
mode, the temperature adjuster 13 suspends the cooling
(heat-exchanging) function of the cooler 8. As a result,

the temperature of the cooling water flowing through the
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cooling system (temperature adjustment device 7) 1is
increased not only due to the thermal energy based on the
shaft power of the circulation pump 9, but also due to the
exhaust heat of the power source instrument through the
heat exchanger 20 and the heat generated by the ozone
generating device 3, and thus it is increased faster than
in the case of Embodiment 3. This makes it possible to
shorten the time until the temperatures of the electrode
tube and the discharge space 305 in the ozone generating
device 3 come into a predetermined temperature range.

[0118] Namely, also in the ozone generating system
according to Embodiment 5, the electrode tube temperature
can be set to a temperature at which the saturated vapor
pressure of N;Os becomes more than the gas pressure P in
the discharge space 305 in operation. Further, by use of
heat from the heat exchanger 20, it is possible to easily
and guickly increase the temperature up to a preferred
temperature. This causes N,0s existing in the discharge
space 305 to promptly make a phase change from a solid to
a gas, so fhat the discharge brodﬁct is suppressed from
adhering in the discharge space 305 and to the electrode
unit. Thus, with this mode, it is possible to execute the
maintenance of the electrode unit without suspending the
ozone generation and also without making the ozone

generating device open to atmosphere.
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[0119] Similarly to Embodiment 3, the maintenance
mode is ended at the stage where the control unit 4
determined that the abnormality was eliminated (Step S40
"Y") on the basis of data of the dew point or the
differential pressure output from the dew-point measuring
unit 2 or the differential-pressure measuring unit 6, so
that the ozone generating device 3 is, while being in
operation, returned automatically to the normal operation
mode . That 1is, the applied power density and the
temperature of the cooling water supplied to the ozone
generating device 3 are returned automatically to the
initial operational condition to thereby continue such a
proper operation.

[0120] As described above, in the ozone generating
system according to Embodiment 5, the discharge electrode
unit 30 is configured (with the grounding electrode 301
and a tank as a casing of the ozone generating device 3)
to allow the cooling water for removing heat generated in
the discharge electrode unit 30 to flow therethrough. And
the temperature adjustment device is the cooling system
(temperature adjustment device 7) that includes: the
circulation pump 9 for supplying and circulating the
cooling water to the ozone generating device 3; the cooler
8 for cooling the cooling water due to absorption of heat;

and further, the heat exchanger 20 that heats up the cooling
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water by the exhaust heat from the power source for causing
the discharge in the discharge space 305, so that extra
energy such as by heating is not necessary. Thus, it is
possible to increase the water temperature of the cooling
water more quickly than the ozone generating systems in
Embodiments 1 to 4.
[0121] Embodiment 6

An ozone generating system according to Embodiment
6 of the inventionwill be described. The ozone generating
system according to Embodiment 6 corfesponds to a
combination of the gas flow system in the ozone generating
system according to Embodiment 2 and the cooling system
in the ozone generating system according to Embodiment 5.
The basic configuration and operation other than the above,
is similar to in Embodiments 1 to 5.
[0122] Fig.10 1is a systematic diagram showing an
instrumental configuration, a control system, a flow
system and the like, of the ozone generating system
according to Embodiment 6. In the figure, the same
referencé numerals aré given for the parts similar to 5r
corresponding to the configuration instruments of the
ozone generating systems according to Embodiments 1 to 5,
so that description thereof is omitted unless otherwise
necessary. As shown in Fig.10, in the ozone generating

system according to Embodiment 6, there are provided a
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nitric-acid concentration measuring unit 16 and a
nitric-acid trap 17 that are placed between the ozone
generating device 3 and the ozone utilization facility 200,
and a valve 18 and a valve 19 that control the gas flow
to the nitric-acid trap.

[0123] Further, in the cooling system (temperature
adjustment device 7), there is provided a heat exchanger
20 that is placed between the ozone generating device 3
and the circulation pump 9, and that executes heat exchange
of the exhaust heat of the power source device for
activating the ozone generating device 3 with the cooling
water. In addition, the ozone generating device 3, the
heat exchanger 20, the circulation pump 9 and the cooler
8 are connected by the pipings indicated by thick lines
in the figure in a looped form, to thereby constitute a
cooling line that circulates through between the ozone
generating device 3, the heat exchanger 20, the
circulation pump 9 and the cooler 8. Since the cooler 8
can turn ON/OFF its heat-exchanging function by command
éf the téﬁﬁerature adjuster 13, it is possible nét”only
to adjust the water temperature of the cooling water output
from the cooler 8 but also to increase the speed of the
temperature rise of the water by use of heat provided from
the heat exchanger 20.

[0124] Namely, as compared to Embodiment 5, there are
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provided the nitric-acid concentration measuring unit 16
that measures a concentration of nitric acid discharged
from the ozone generating device 3 and the nitric-acid
removing unit (nitric-acid trap 17) that traps nitric acid.
Thus, in the normal operation, it is possible to utilize
the nitric acid concentration as a requirement for
switching to the maintenance mode, in addition to the gas
dew point and the differential pressure. Besides, in the
maintenance mode, it is possible to select whether to use
the nitric-acid trap and which destination the ozonized
gas is to be supplied, according to the measured nitric
acid concentration. Thus, even when an ozonized gas whose
composition is different to that in the normal operation
mode, is not allowed to be used in the treatment process,
it can be treated directly at the ozone removal treatment
unit 5, so that it is not at all necessary to suspend the
ozone generating device 3. Furthermore, since the heat
exchanger 20 for recovering the exhaust heat from the power
source of the ozone generating device 3 is provided in the
éooling system (temperature adjustment device 7), it ié
possible to easily and quickly increase the temperature
up to a preferred temperature or more. -This causes Ny05
existing in the discharge space 305 to promptly make a phase
change from a solid to a gas, so that the discharge product

is suppressed from adhering in the discharge space 305 and
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to the electrode unit. Thus, with the maintenance mode,
it is possible to execute the maintenance of the electrode
unit without suspending the ozone generation and also
without making the ozone generating device open to
atmosphere.
[0125] Embodiment 7

An ozone generating system according to Embodiment
7 of the invention will be described. Although the ozone
generating system according to Embodiment 7 is similar in
basic configuration and operation to the ozone generating
systems according to Embodiments 1 to 6, what 1is
characteristic is that the source gas introduced into the
ozone generating device is an oxygen gas.
[0126] Fig.1ll is a systematic diagram showing an
instrumental configuration, a control system, a flow
system and the 1like, of the ozone generating system
according to Embodiment 7. In the figure, the same
reference numerals are given for the parts similar to or
corresponding to the configuration instruments of the
ozone generating systems according to Embodiments i to 6,
so that description thereof is omitted unless otherwise
necessary. As shown 1in Fig.11l, the ozone generating
system according to Embodiment 7 is different to those of
Embodiments 1 to 6 in that a gas supplying device 21 for

supplying the source gas to an ozone generating device 22,
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supplies an oxygen~rich mixed gas as aforementioned. Note
that the configuration of a discharge electrode unit
(corresponding to the discharge electrode unit 30 in
Embodiments 1 to 6) will be described citing Fig.2 having
been used in Embodiment 1.

[0127] In Embodiments 1 to 6, the source gas of the
ozone generating device 3 is air or a nitrogen-rich oxygen
mixed gas. In this embodiment, as the source gas, an
oxygen-rich mixed gas is used. An oxygen gas is fed from
liquid oxygen or an oxygen gas cylinder. A mixed gas
produced by adding to the oxygen gas a nitrogen gas of 0.1
to 2.0% relative to the amount of oxygen, or a mixed gas
{oxygen purity is 90% or more) is fed from an oxygen
producing device wusing VPSA (Vacuum Pressure Swing
Adsorption) or PSA (Pressure Swing Adsorption), is used
as  the source gas. The ozone generating device 22
according to this embodiment 1is referred to as an
oxygen-source ozone generating device.

[0128] When the source gas supplied to the ozone
éenefatingdeviceZZﬂiscoﬁefromliqﬁidoxygen<m:anoxygen
gas cylinder, it is necessary to add thereto a small amount
of nitrégen gas, as aforementioned. When particularly
high-purity oxygen is used, a phenomenon of significant
reduction in the ozone generation efficiency is confirmed

if nitrogen gas is not added at all. 1In order to avoid
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this phenomenon, the aforementioned amount of nitrogen is
added. When the mount of nitrogen is less than 0.1%, an
effect of improving the ozone generation efficiency is
insufficient, and there is found an improvement by its
additionof 0.1% or more. Meanwhile, when it exceeds 2.0%,
because the production amount of NOx begins to increase,
a reduction occurs in the ozone generation efficiency.
Thus, in this embodiment, the addition amount of nitrogen
is determined to be from 0.1 to 2.0%.

[0129] In this embodiment, as compared to the cases
of air-source ozone generating devices {(ozone generating
device 3) shown in Embodiments 1 to 6, the nitrogen content
is small in the source gas, and thus, the amount of NOx
to be produced in the ozone generating device 22 is reduced.
That 1s, a risk of the accumulation/adherence of the
discharge product in the discharge unit is remarkably
mitigated as compared to the case of the air source. Thus,
the operational condition of the ozone generating device
22 is slightly different to the case of the air source.
[0130] | AWhen the oxygen-rich mixed gas is to be used,
in the configuration of the discharge electrode unit in
the ozone generating device 22, the gap length d of a
discharge space (corresponding to the discharge space 305
in Fig.2) is set to 0.2 mm or more but 0.6 mm or less,

preferably to 0.2 mm or more but 0.4 mm or less. In the
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case of using the oxygen-rich mixed gas, even if the gap
length d becomes shorter than the lower limit of 0.3 mm
shown in Embodiments 1 to 6, namely, an intensity of the
electric field becomes higher, the production amount of
NOx is much less than in Embodiments 1 to 6, so that there
is less effect on the ozone generationefficiency. Rather,
the enhancement in electric field in the oxygen-source
ozone generating device (ozone generating device 22)
suppresses a decomposing effect of the generated ozone,
and thus the ozone generation efficiency is enhanced.
[0131] Meanwhile, in the case where the gap length d
is less than 0.2 mm, although a more highly-efficient ozone
generation is expected, it becomes difficult to form the
gap length uniformly over all region of the discharge space,
and thus this is unfavorable in fabrication. The applied
power density to be applied to the ozone generating device
22 is from 0.05 W/cm?® to 0.6 W/cm?, preferably, from 0.3
W/cm® to 0.6 W/cm?. This is because cooling of the
discharge space is promoted as the lower limit of the gap
length d becomes lower, so that the applicable power can
be enlarged as compared to the cases of Embodiments 1 to
6. The gas pressure P is, similarly to Embodiments 1 to
6, set to 0.2 MPaG or less, preferably to 0.1 MPaG or more
but less than 0.2 MPaG.

[0132] When the oxygen-source ozone generating device
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(ozone generating device 22) is applied to Embodiments 1
to 6, an amount of instantaneously produced N;0s will be
much less than by the air-source ozone generating device.
However, it is similar to Embodiments 1 to 6 in that, by
the operation for a long time and by the amount of water
associated with the source gas, the accumulation of the
discharge product and the production of nitric acid occur
in the ozone generating device 22. Thus, even in the
oxygen-source ozone generating device, it is effective to
apply the maintenance mode shown in Embodiments 1 to 6.
[0133] The control unit 4, when detected a sign of
abnormality in the discharge electrode unit, that is, when
the normal operation mode is switched to the maintenance
mode, manipulates at least one of the density of power
applied to the ozone generating device 22 and the
temperature of the cooling water supplied to the ozone
generating device 22, to thereby increase the electrode
tube temperature so that the electrode tube temperature
is maintained in an area C of the oxygen-source ozone
generating device that is équivalent to the area C sthn
in Fig.4, and the saturated vapor pressure of N,0;5
corresponding to the electrode tube temperature becomes
higher than the gas pressure in the discharge space.
Alternatively, it reduces the gas pressure so that the

saturated vapor pressure of N,0; corresponding to the
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electrode tube temperature becomes higher than the gas
pressure in the discharge space.

[0134] As a result of the above, the temperatures of
the electrode tube and the discharge space become a value
enough to change the state of the discharge product, so
that 1t becomes possible to physically remove the
discharge product in the discharge space, and alsoc to
reduce significantly the staying probability and the
staying time of nitric acid in the ozone generating device
22. Thus, it is unnecessary to suspend the ozone
generating system and to make the ozone generating device
22 open to atmosphere, so that the number of the open
inspections can be reduced significantly in comparison
with the conventiocnal cases. Further, 1t 1is also
unnecessary to newly add an instrument for maintenance,
so that, it is possible even for the user side to easily
clean up the discharge unit without making the ozone
generating device 22 open. Furthermore, the discharge
space is prevented beforehand from being choked off, and
the metal members and thé high-voltage electrode afe
suppressed from being corroded, so that it is possible to
continue highly-efficient ozone generation in a highly
reliable manner.

[0135] For the conventional open-to-atmosphere

maintenance, a lot of time 1is required, so that the
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suspended time of the system and the <cost for the
maintenance have placed a burden on the user. According
to this embodiment, as aforementioned, the number of the
open inspections can be reduced significantly, and in
particular, since the discharge unit can be cleaned up
without making it open to atmosphere, a great effect is
provided in that a step for restoring the dew point of the
gas in the ozone generating device after the conventional
open-to-atmosphere maintenance, becomes unnecessary, to
thereby cut out a lot of time required for that step.
Further, a consumed amount of the source gas not served
for the generation of ozone, but taken for restoring the
gas dew point, can also be reduced.
[0136] As described above, according to the ozone
generating system according to Embodiment 7, in the case
with the oxygen-source ozone generating device (ozone
generating deice 22), it 1is possible to execute an
efficient operation by setting the gap length d of the
discharge space (corresponding to the discharge space 305
in Fig.2) to 0.2 mm or more but 0.6 mm or less, preferably
to 0.2 mm or more but 0.4 mm or less.
[0137] Embodiment 8

An ozone generating system according to Embodiment
8 of the invention will be described. The ozone generating

system according to Embodiment 8 is similar in basic
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configuration and operation to the ozone generating
systems according to Embodiments 1 to 7.

[0138] Fig.1l2 is a systematic diagram showing an
instrumental configuration, a control system, a flow
system and the 1like, of the ozone generating system
according to Embodiment 8. In the figure, the same
reference numerals are given for the parts similar to or
corresponding to the components of the ozone generating

systems according to Embodiments 1 to 7, so that

description thereof is omitted unless otherwise necessary.

In Fig.12, in the ozone generating system according to
Embodiment 8, a gas supplying device 24 for supplying a
source gas to an ozone generating device 23 may be either
of an oxygen source and an air source that are mentioned
above. The operational condition, such as a gap length
d of the oxygen-source or air-source ozone generating
device, is similar to that described in Embodiments 1 to
7. Note that the configuration of a discharge electrode
unit (corresponding to the discharge electrode unit 30 in
Embodiments 1 to 6) will be described citing Fig.2 having
been used in Embodiment 1, and the switching operation from
the normal operation mode to the maintenance mode will be
described citing Fig.3.

[0139] In this embodiment, what is characterized is

in that, the operation mode is switched in a state where
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the discharge for generating ozone is continued without
change in the ozone generating device 23, when a sign of
abnormality in the discharge electrode unit is detected
by the control unit 4 on the basis of a value of a detection
unit 25 that detects, as an ozone generation parameter,
at least one or more of:

the gas dew point, the differential pressure of the
ozone generating device, the inlet-side gas pressure and
outlet-side gas pressure of the ozone generating device,
that are shown in Embodiments 1 to 7, the nitric acid
concentration and the NOx concentration that are shown in
Embodiment 2; and in addition to these,

an accumulated amount of water supplied in associated
manner to the ozone generating device 23, a flow rate of
the source gas supplied to the ozone generating device 23,
a concentration of ozone output from the ozone generating
device 23, a flow rate of the ozone gas, a generation amount
of ozone, an ozone generation efficiency, and further, an
operating time.

Note that in Fig.1l2, for convenience sake, the
detection unit 25 is connected to the ozone generating
device 23 as a representative; however, the detection
points of respective detection means thereof are each
placed in a proper position depending on each physical

amount.
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[0140] The detection unit 25 will be described. For
the gas dew point, the differential pressure of the ozone
generating device, the inlet-side gas pressure, the
outlet-side gas pressure, the nitric acid concentration
and the NOx concentration, the same is applied as described
in Embodiments 1 to 7. The accumulated amount of water
supplied in associated manner to the ozone generating
device 23 is a temporally integrated value of the water
amount converted from the gas dew point, and represents
a total amount of water supplied in associated manner to
the ozone generating device 23 in a given constant period.
This makes it possible to find the necessity of switching
to themaintenance mode, more exactly than the gas dew point
that is for detecting an instantaneous amount of water.
Further, the concentration of oczone, the generation amount
of ozone and the ozone generation efficiency of the ozone
generating device 23 are values each directly representing
a capacity of the ozone generating device 23, so that it
is possible to detect the necessity of switching to the
‘maintenance mode by-way of a sign of deferioration-ih the
capacity of the device. The flow rate of the source gas
and the flow rate of the ozone gas can be used as substitutes
for the gas pressure and the differential pressure.
Further, the operating time can be freely set by the user,

and is used for switching to the maintenance mode at a
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scheduled timing, such as, before the termination, at the
starting, and at a low load, etc., of the system, or at
a predetermined timing, such as, at the electrode-unit
cleaning work timing that is determined by the user, for
example, once a year.

[0141] The control unit 4, when detected a sign of
abnormality in the discharge electrode unit, that is, when
the normal operation mode is switched to the maintenance
mode, manipulates at least one of the density of power
applied to the ozone generating device 23 and the
temperature of the cooling water supplied to the ozone
generating device 23, to thereby increase the electrode
tube temperature so that the electrode tube temperature
is maintained in an area C in this embodiment that is
equivalent to the area C shown in Fig.4, and the saturated
vapor pressure of N,Os corresponding to the electrode tube
temperature becomes higher than the gas pressure in the
discharge space. Alternatively, it reduces the gas

pressure so that the saturated vapor pressure of N;05

'éorrespohdihg to the electrode tube temperature becomes

higher than the gas pressure in the discharge space.

[0142] An operation in the maintenance mode will be
described. A maintenance mode-related control flow is
shown in Fig.13. 1In the figure, each circle "o" with arrow

indicated at the right side of each vertical bar that is
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a destination of a plurality of arrows, means that the flow
goes toward the arrow at the right side of "o" when any
of these shown at the origin side of the plurality of arrows
is fulfilled, namely, it means an OR operation as shown
in the enclosed section. 1In the figure, when the switching
to the maintenance mode is made based on a signal (Di) of
the detection unit 25 as an ozone generation parameter,
the power density (Al) applied to the ozone generating
device 23 that is to be adjusted by way of the control unit
4, is adjusted by manipulating at least one of the voltage,
the current and the power (OPe) applied to the ozone
generating device 23. Note that, although not shown in
the figure, because the power density (Al) changes also
by adjusting the gas pressure P (A3), the gas pressure P
can be thought to be an operational element {(OPe) for the
power density (Al).

[0143] Meanwhile, the temperature (A2) of the cooling
water supplied to the ozone generating device 23 1is
adjusted by use of the bypass piping 10. Further, although
" not shown in the figure, it is effective to use the
operational control of the cooler 8, the shaft power of
the circulation pump 9 and the exhaust heat of the power
source device, that are shown in Embodiments 2 to 6, so
that the adjustment can be made by manipulating at least

one of these (0Pt).
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[0144] That 1is, 1in the ozone generating system
according to this embodiment, it is possible to
concurrently control the applied power density (Al), the
cooling water temperature (A2) and the gas pressure P (A3)
of the ozone generating device 23 on the basis of at least
one of the detection values (Di: ozone generation
parameters) output from a plurality of detection units,
Lo thereby promote a2 phase change of N;05 from a solid to
a gas. For example, at the same time of switching to the
maintenance mode, the <cooling water temperature is
adjusted by use of the bypass piping 10 to thereby increase
the electrode tube temperature. Thereafter, the applied
power density is increased by adjusting the current of the
ozone'generating device 23 to thereby finely adjust the
electrode tube temperature. Alternatively, at the same
time of switching to the maintenance mode, the gas pressure
of the ozone generating device 23 1is reduced.

[0145] As a result, the impedance in the ozone
generating device 23 is reduced, and thus it becomes more
likel?’tb cause an electric discharge theréin, 85 that the
applied power density can be enlarged without largely
adjusting the applied voltage to the ozone generating
device 23. Thereafter, the electrode tube temperature may
be finely adjusted by adjusting the cooling water

temperature. Of course, these manipulations are not
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limitative here. By these manipulations, a phase change
of N;0s from a solid to a gas can be achieved highly
accurately in a state of continuing generation of ozone.
Thus, the staying probability and the staying time of the
discharge product in the discharge space are reduced
drastically, so that the accumulation/adherence of the
discharge product in the discharge space can be
suppressed.

[0146] By the maintenance mode shown in this
embodiment, the temperatures of the electrode tube and the
discharge space become a value enough to change the state
of the discharge product, so that it becomes possible to
physically remove the discharge product in the discharge
space, and also to reduce significantly the staying
probability and the staying time of nitric acid in the ozone
generating device 23. Thus, it is unnecessary to suspend
the ozone generating system and to make the ozone
generating device 23 open to atmosphere, so that the number
of the open inspections can be reduced significantly in
comparison with the conventionai caseé. Further,-if is
also unnecessary to newly add an instrument for
maintenance, so that it is possible even for the user side
to easily clean up the discharge unit without making the
ozone generating device 23 open. Furthermore, the

discharge space is prevented beforehand from being choked
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off, and the metal members and the high-voltage electrode
are suppressed from being corroded, so that it is possible
to continue highly-efficient ozone generation in a highly
reliable manner.

[0147] For the conventional open-to-atmosphere
maintenance, a lot of time is required, so that the
suspended time of the system and the cost for the
maintenance have placed a burden on the user. According
to this embodiment, as aforementioned, the number of the
open inspections can be reduced significantly, and in
particular, since the discharge unit can be cleaned up
without making it open to atmosphere, a great effect is
provided in that a step for restoring the dew point of the
gas in the ozone generating device after the conventional
open-to-atmosphere maintenance, becomes unnecessary, to
thereby cut out a lot of time required for that step.
Further, a consumed amount of the source gas not served
for the generation of ozone, but taken for restoring the
gas dew point, can also be reduced.

[0148)] Further, based on the aforementioned ozone
generation parameter (detection value Di), at the time of
switching to the maintenance mode, by executing a
cooperative control of the cooling water temperature (A2)
and the gas pressure (A3) using the temperature adjustment

device (exactly, the temperature adjuster 13) and the gas
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supplying device (1,21,24) or by executing a cooperative
control of the cooling water temperature (A2) and the
applied power (Al) using the temperature adjustment device
and the power source device, it is possible to achieve a
highly-accurate and stable maintenance mode.

[0149] In particular, by controlling cooperatively
the cooling water temperature (A2), the gas pressure (A3)
and the applied power (Al) wusing the temperature
adjustment device, the gas supplying device and the power
source device, it 1s possible to achieve a more
highly-accurate and stable maintenance mode.

[0150] As described above, the ozone generating system
according to Embodiment 8 is configured to include: the
ozone generating device (3,22,23) having the discharge
electrodes (discharge electrode unit 30) that are arranged
opposite to each other to thereby form the discharge space
305; the gas supplying device (1,21,24) that supplies an
oxygen-containing gas as a source gas for generating ozone
to the discharge space 305; the unshown power source device
that supplies-power for discharging‘to the diséharge
electrodes {discharge electrode unit 30); the temperature
adjustment device 7 that adjusts the temperature of the
discharge electrodes (discharge electrode unit 30); the
control unit 4 that controls the gas supplying device

(1,21,24), the power source device and the temperature
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adjustment device 7 to thereby control the operation of
the ozone generating device (3,22,23); and the detection
unit 25 that detects an ozone generation parameter
(detection wvalue Di) in the ozone generating device
(3,22,23);

wherein the control unit 4 causes the temperature of
the discharge electrodes {(discharge electrode unit 30} to
increase up to the vaporizing temperature of dinitrogen
pentoxide by controlling the temperature adjustment
device 7 (exactly, the temperature adjuster 13) and the
gas supplying device (1,21,24) or the temperature
adjustment device 7 (exactly, the temperature adjuster 13)
and the power source device in their cooperative manner,
on the basis of the value of the ozone generation parameter
(detection value Di) output from the detection unit 25,
to thereby control the operation of the ozone generating
device (3,22,23) to be switched from the normal operation
mode to a cleaning operation mode (the maintenance mode)
in which surfaces of the discharge electrodes (discharge
electrode unit 30) and the discharge space 305 are cleaned
up in a state of continuing generation of ozone in the
discharge space 305. Thus, it is possible to achieve a
highly-reliable ozone generating system which can
maintain a stable operating state.

f{0151] Further, as described above, the ozone
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generation method according to Embodiment 8 is an ozone
generation method in which an oxygen-containing gas is
supplied to the ozone generating device (3,22,23) having
discharge electrodes (discharge electrode unit 30) that
are arranged opposite to each other to form the discharge
space 305, to thereby generate ozone using an electric
discharge in the discharge space 305,

wherein an ozone generation parameter (detection
value Di) in the ozone generating device (3,22,23) is
detected, and then, by controlling the temperature of
cooling water (A2) for cooling the discharge electrodes
(discharge electrode unit 30) and the gas pressure P (A3),
or the temperature of the cooling water (A2) for cooling
the discharge electrodes (discharge electrode unit 30) and
the applied power (Al) to the discharge electrodes
(discharge electrode unit 30) in their cooperative manner,
and based on the value of the ozone generation parameter
(detection value Di), the temperature of the discharxge
electrodes (discharge electrode unit 30) is increased up
to the vapérizing temperature of dinitrbgen péntoxide, to
thereby clean up surfaces of the discharge electrodes
(discharge electrode unit 30) and the discharge space 305
in a state of continuing generation of ozone in the
discharge space 305. Thus, it is possible to achieve a

highly-reliable ozone generating system which c¢an
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maintain a stable operating state.

DESCRIPTION OF REFERENCE NUMERALS and SIGNS

[0152] 1,21,24: gas supplying device, 2: dew-point
measuring unit (detection unit), 3,22,23: ozone
generating device, 30: discharge electrode unit

(discharge electrodes), 301: grounding electrode tube,
304: high-voltage electrode tube, 305: discharge space,
4: control unit, 5: ozone removal treatment unit, 6:
differential-pressure measuring unit (detection unit),
7: cooling system (temperature adjustment device), 8:
cooler, 9: circulation pump, 10: bypass piping, 13:
temperature adjuster, 20: heat exchanger, 16: nitric-acid
concentration measuring unit (detection wunit), 17:
nitric-acid trap (nitric acid removing wunit), 25:
detection unit, 200: ozone utilization facility, Al:
applied power, A2: cooling water temperature, Di:
detection value (ozone generation parameter), d: space
length (interval between electrodes), P: gas pressure

(A3) .
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CLAIMS

1. An ozone generating system, comprising:

an ozone generating device including discharge
electrodes that are arranged opposite to each other to
thereby form a discharge space;

a gas supplying device that supplies an
oxygen-containing gas as a source gas for generating ozone
to the discharge space;

a power source device that supplies power for
discharging to the discharge electrodes;

a temperature adjustment device that adjusts a
temperature of the discharge electrodes;

a control unit that controls the gas supplying device,
the power source device and the temperature adjustment
device, to thereby control an operation of the ozone
generating device; and

a detection unit that detects an ozone generation
parameter in the ozone generating device;

wherein, the contfol unit causes the temperature of
the discharge electrodes to increase up to a vaporizing
temperature of dinitrogen pentoxide by controlling the
temperature adjustment device and the gas supplying device
or the temperature adjustment device and the power source

device in their cooperative manner, on the basis of the
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ozone generation parameter output from the detection unit,
to thereby control the operation of the ozone generating
device to be switched from a normal operation mode to a
cleaning operation mode in which surfaces of the discharge
electrodes and the discharge space are cleanedup in a state

of continuing generation of ozone in the discharge space.

2. The ozone generating system of Claim 1, wherein the
ozone generation parameter is at least one selected from
the group consisting of a dew point of the source gas
supplied to the discharge space, an accumulated amount of
water associated with the source gas, a differential
pressure produced in the ozone generating device, an inlet
gas pressure of the ozone generating device, an outlet gas
pressure of the ozone generating device, a flow rate of
the source gas, an ozone concentration in an ozone gas
output from the ozone generating device, a flow rate of
the ozone gas, a generation amount of the ozone gas, an
ozone generation efficiency, a nitric acid concentration
in the ozone gas, a NOx concentration in the ozoné gas,

and an operating time.

3. The ozone generating system of Claim 1 or 2 , wherein
the control unit controls a density of applied power that

is applied to the discharge space, a temperature of cooling
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water flowing through the discharge electrodes and a gas
pressure 1in the discharge space, to thereby cause the

temperature of the discharge electrodes to increase.

4. The ozone generating system of any one of Claims 1
through 3, wherein the control unit causes a gas pressure
in the discharge space to decrease up to a predetermined
pressure that exceeds atmospheric pressure so that a
saturated vapor pressure of dinitrogen ©pentoxide
corresponding to the *temperature of the discharge
electrodes becomes higher than the gas pressure in the

discharge space.

5. The ozone generating system of any one of Claims 1
through 4, wherein a gas pressure in the discharge space
is set to 0.1 MPa or more but less than 0.2 MPa, as a gauge

pressure.

G. The ozone generating system of any one of Claims 1
‘through 5, wherein the detection unit includes a nitric
acid-concentration measuring unit that measures a nitric
acid concentration in an ozonized gas supplied from the
ozone generating device or a NOx-concentration measuring
unit that measures a NOx concentration therein, and a

nitric acid removing unit that removes a nitric-acid
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component in the ozonized gas is provided downstream of
the ozone generating device; and

wherein the control unit, when a value of the nitric
acid concentration or the NOx concentration is higher than
a first specified value, controls so that the operation
is switched to the cleaning operation mode, and when a value
of the nitric acid concentration or the NOx concentration
is higher than a second specified value that is higher than
the first specified value, controls so that at least a part
of the ozonized gas is passed through the nitric acid

removing unit.

7. The ozone generating system of any one of Claims 1
through 6, wherein an interval between the discharge
electrodes arranged opposite to each other is 0.2 mm or

more but 0.6 mm or less.

8. The ozone generating system of any one of Claims 1
through 7, wherein the temperature adjustment device
includes a main piping configured so that cooling water
going out from the discharge electrodes passes through a
cooler and is then returned to the discharge electrodes,
and a bypass piping configured so that the cooling water
going out from the discharge electrodes is returned to the

discharge electrodes without passing through the cooler,
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and
wherein an endothermic amount of the cooler from the
cooling water is reduced by increasing a ratio of the

cooling water to be flowed through the bypass piping.

9. The ozone generating system of any one of Claims 1
through 8, wherein the temperature adjustment device 1is
provided with a heat exchanger that heats cooling water
going out from the discharge electrodes by way of exhaust

heat coming from the power source device.

10. An ozone generation method in which an
oxygen~-containing gas is supplied to an ozone generating
device including discharge electrodes that are arranged
opposite toeach other to forma discharge space, to thereby
generate ozone using an electric discharge in the
discharge space,

wherein an ozone generation parameter in the ozone
generating device is detected, and then, by control of a
temperature of cooling water for booling the discharge
electrodes and a pressure of the gas, or the temperature
of the cooling water for cooling the discharge electrodes
and an applied power to the discharge electrodes in their
cooperative manner, and based on the value of the ozone

generation parameter, a temperature of the discharge
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electrodes is increased up to a vaporizing temperature of
dinitrogen pentoxide, to thereby clean up surfaces of the
discharge electrodes and the discharge space in a state

of continuing generation of ozone in the discharge space.




